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NOVEL POLYMER GEL NETWORKS AND METHODS OF USE 



This application is a Contimiation-in-pait of co-pending qiplication Serial 
Number 08/276,193, filed July 18, 1994, the entire contents of which are hereby 
incoipoiated by referaioe. 

5 

Background of the Invention 

Volum^c change phmomena have been observed in three-dimensional, 
permanently crossttnked polymer gel netwoiks. As an external environmental 
condition (e.g. temperature; solvent composition; ffll, electric field; light intensity 

10 and wavelength; pressure, ionic strength) is changed, the polymer gel netwoik 

contracts and/or expands in volume. The volume of such a gd may, under certain 
circumstances, change reversibly by a factor as large as several hundred when the 
gel is presented with a change in external conditions (i.e. the gel is a ''responsive" 
gel; see, for example, Tanaka Phys. Rev. Lett. 40: 820, 1978; Tanaka et al. 

15 Phys. Rev. Lett. 38:771, 1977; Tanaka et al. Phys. Rev. Lett. 45:1636, 1980; 

Davsky Macromolec. 15:782, 1982; Hrouz et al. Europ. Polym. J. Vol. 17, pg. 
361, 1981; Ohmine et al. J. Chem. Phys. 8:6379, 1984; Tanaka et al. Science 
218:462, 1982; Davsky etal. Polymer Bull, 7:107, 1982; Gehrke "Responsive 
Gels:Volume Transitions 11% Dusdc (ed.), Springer- Verlag, New Yoric, pp. 81- 

20 144, 1993; Li et al., Ann. Rev. Mat. Sci. 22:243, 1992; and Galaev et al. 

Enzyme Microb. Technol. 15: 354, 1993, each of which is incoiporated herein by 
reference). 

A number of significant studies have demonstrated the potential of 
responsive gels in solute/solvrat sqiaiations (see, for example, Cussler U.S. 

25 I^nt 4,555,344) and in biomedical sqyplications (see, for example, Hoffman U.S. 

Patrat 4,912,032). In spite of this, responsive gels have failed to become 
commercially useful for two major reasras. Symhesis of a gel may utilize 
monomers and/or polymers whose toxicologic hazard characteristics are ill-defined 
(e.g. N-isopn^ylacrylamide (NIPA) and related acrylic monomers, polymers and 

30 co-polymen). Second, syndiesis of a gel may use crosslinkers known to be toxic 
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(e.g. divinyl sulfone (DVS), glutaialdehyde, divinyl benzene, N-N- 
methylenebisacrylamide, and the like). 

Harsh and Gehike (L Contiol. KeL 17:175, 1991, incoipoiated beiein by 
refeirace) have created ceitain gels based on cellulose ether polymeric precursor 

5 materials. These cellulosic ether precursor materials are currently acceptable by 

the U.S. Food and Dnig Administration, but these gels were made using toxic 
DVS crosslinkers that are not FDA accqitable. One way to avoid use of toxic 
chemical crosslinkers is by use of radiation crosslinking. This m^od is 
problraiatic inasmuch as it may lead to the presrace of unieacted monomers. 

10 While it is certainly possible that currently available, chemically 

crosslinked gel materials can prove to be biologically compatible for in 'rivo use 
(see, for example, Fqipas et al. (eds) ''Hydrogels in Medicine and Pharmacy" 
Vol. 1 and 2, CRC Press, Boca Raton, Florida (1986), the existing regulatory 
environment and the myriad of tests required to characterize the toxicity of such 

15 materials place major barriers to commercialization of responsive gels. 

Summary of the Invention 
It is an object of the present invention to provide responsive polymer gels 
that are environmentally safe and safe for use in humans. 
20 It is another object of the invention to provide methods for making 

crosslinked, responsive polymer gels in which the crosslinker and polymer are 
accq>table to governmental regulatory agencies as safe for use in humans. 

Yet another object of the invention is to provide improved controlled- 
release delivery systems in which safe, responsive gels are utilized to deliver a 
25 substance to an mvironmrat. 

One embodiment of the invention is a crosslinked, responsive polymer gel 
network comprising polymer chains intercmmected by way of multifunctional 
crosslinker. The polymer chains and crosslinker have a known accq>table 
toxicological profile, heremafter **KATP". Another embodiment is a crosslinked, 
30 responsive polymer gel network comprising polymer chains interconnected by 

way of a KATP crosslinkages. A third embodiment of the invention is a 
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ciosslinkBd, le^nsive polym^ gel oetwoik coniprisiDg poly^ 
inteiooniiected by way of a crossUnker, in which each of the polj^er and 
ciosslinker is obtainable from a precuisor that is used in a process for making a 
mat^ial that has a KA1P. The gels have the chaxactmstic that, whra leached, 

S the leachate from the netwoik also has a KATP as well as any fesidual elements in 

the network. The gel solvent also may have a KATP. 

A preferred responsive polymer gel nrtwork are polysaccharide chains 
crossUnked with a multifunctional carboxylic acid obtainable from an acyl halide 
derivative of said add. The preferred polymer chains aie polysaccharides (e.g. 

10 starch or cellulose ethers) and the preferred multifunctional carboxylic acid is 

selected from the group consisting of adipic acid, sebadc add, succinic add, citric 
acid, 1,2,3,4- butan^etracarboxylic add, and 1,10 decanedicarboxylic acid. 
Particularly preferred polymers are cellulose ethers selected from the group 
consisting of hydroxy^ylcellulose, hydroxypropylcellulose, and 

IS hydroxypropylmethylcellulose. 

The responsive polymer gel networks of the present invention may be 
responsive to any of a variety of triggers such as temperature or pH. In 
particular, the pH-response may be triggered by a change in ion concentration, 
solvent concentration, dectric field, magn^c field, electromagnetic radiation, or 

20 mechanical force. 

Methods for making crosslinked polymer n^orks include selecting a 
polymeric starting material ca^nble of bemg crosslinked, wherem the polymeric 
starting material sdected for the particular use has a known acceptable 
toxicological profile for the particuhr use or for a related use; selecting a 

25 crosslinks cspible of crosslinking the polymeric starting material, wherein the 

crosslinker selected for the particular use has a known accqrtable toxicological 
profile for the particular use or for a related use; and contacting the crosslinker 
and polymeric starting material under conditions sufficient to form the three- 
dimensional, crosslinked polymer network. 

30 Another method involves selecting a crosslinker capable of crosslinking the 

polymeric starting material, so that the resulting network, after formation, contains 
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a ciosslinkage that has a Imown accqitable tox Preferred 
methods inchide the steps of oontactiiig a crossUnker oomprisiqg an acyl halide 
derivative of a muldfuiictioiial caitxixylic acid with a polysaccharide under 
conditions sufifidoit for the three-dimrasional, polymer gel network to fonn so 
S that the gel netwoik inchides polysaccharide chains ciosslinked with the acid. 

Paiticulariy preferred method use a polysaccharide selected from the group 
consisting of starch and cellulose ethers, which group includes, for example, 
hydroxyethylcellulose, hydroxypropylcellulose, hydroxyprc^ylmethylceUulose, and 
modified food starch. 

10 Prefened methods use a crosslinker that is an acyl halide derivative of a 

multifunctional caii)oxylic acid, such as, for example, an acyl halide derivative of 
adq)ic acid, sebadc acid, succinic acid, 1,2,3,4- butanetetracartx>xylic acid, or 
1,10 decanedicart)Oxylic add. Other preferred mohods use dialdehyde 
crosslinkers such as, for example, glutanddehyde. Still other preferred methods 

IS utilize irradiation energy as a crosslinker. 

Other methods of the invention include a method of separating a substance 
from a solution. A KATP polymer gel networic of the invention cqiable of 
incorporating the substance from a solution containing the substance is introduced 
into the solution and a volum^c change of the gel is induced by changing an 

20 environmental condition to which the gel is exposed so that the gel incorporates 

the substance and sq)arates the substance from the solution. A further method 
includes introducing a KATP polymer gel networic of the invention that is 
capable of excluding a substance from a solution containing the substance. The 
gel is induced to undergo a volumetric change by changing an environmental 

25 condition to which the network is exposed so that the netwoik disgorges the 

substance to the raviromnent of use. 

A method of delivering a substance into an enviromnent of use includes the 
stq>s of incorporating the substance into the KATP polymer netwoik of the 
invention and inducing a volumetric change in the network by changing an 

30 environmental condition to which the network is txposoA so that the network 

disgorges the substance to the environment of use. 
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Similaily, a method for removing a substance from an environment 
containing a the substance includes introducing into die environment a KATP 
polymo' network of the invotion that contains a ligand leacdve with the substance 
when the ligand is e3qx>sed to the substance and changing an mvironmental 
5 condition of the netwoik to cause a volum^c change and expose the ligand to the 

substance, so that the substance is incoipoiated into the gel. 

A m^hod of loading a sohite into a KATP polymer gel network includes 
contacting the solute with the KATP gel, a second polymer, and a salt under 
conditions sufiRdmt for the solute to selectively paitition into the first polymo*. 

10 A cosmetic composition, wound dressiog, pharmaceutical composition, 

monitoring dectrode; adhesive device, iontophovetic device; dialysis device; 
including the KATP polymer netwoik aie also intended to be encompassed 
within the scope of the invention. 

The KATP re^nsive gel networks of the invention have the singubr 

IS advantage of having toxicological profiles which are more readily evaluated than 

prior ait responsive gels. Thus, the present responsive gels may be used as 
environmentally benign materials which may be easily recycled for many 
commercial puiposes and which may be used in the human body, or in the body of 
a non-human animal. The present invention therefore provides novel 

20 pharmaceutical compositions, comprising a KATP polymer gel networic (also 

termed a "safe** polymer gel n^oric) and an effective amount of a biologically 
active compound. The present invention also provides controlled-release delivery 
devices for controlled deliveiy of a biotogically active compound into a biological 
environment. 

25 The KATP polymer gel netwoiks of the present invention are also useful 

for coating matmals, such as medical devices, and the invention mcompasses such 
coated devices. In preferred embodiments of the coated medical devices of the 
presrat invention, a polymer gel netwoik comprising a polycation and a polyanion 
inteiacting to foim a polyelectrolyte compl» is formed on at least a poition of a 

30 sui£gice of the device. Biologically acdve compounds can be loaded into such 

coated devices, and in some embodiments an encapsulator is provided that traps 
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the biologically active compound withiii the polymer gel netwoik. When the 
encapsulator comprises a KATP polymer, the invotion essentially provides a safe 
polymer gel netwoik coating on an eTOSting safe polymer gdl netwoik. Methods of 
coating medical mstnimrats, and of loading biologically active ccmipounds into or 
S delivering biologically active compounds from, such coated instiumrats, are also 

provided. 

Brief Description of the Drawing 

Various novel features of the invention, both as to its stiucture and 
10 operation, are best understood irom the accompanying drawings, taken in 

conjunction with the accompanying descrq>tion, in which similar reference 
charactm refer to similar elements, and in which: 

Figure 1 is a pH-volume relationship for a crosslinked HPC gel of the 
Invention. 

15 Figure 2 is a pH-volume relationshq> for a crosslinked modified food starch 

gel of the invention. 

Figure 3, panels A-C, presents dq)ictions of present-day osmotically- 
contioUed oral delivery systems. 

Figure 4 depicts formation of a safe polymer gel comprising poiyelectrolyte 
20 complexes on a polyamide device. 

Figure S dq>icts radiation-induced grafting of a safe polymer gel 
comprising poiyelectrolyte complexes onto low density polyethylene. 

Figure 6 dq>icts coating of a safe polymer gel comprising poiyelectrolyte 
complexes onto a porous support. 
25 Figure 7 depicts coating of a safe polymer gel comprising poiyelectrolyte 

complexes onto a polypropylene membrane. 



30 Detafled Description of Preferred Embodiments of the Invention 

TABLE OF CONTENTS: 
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vm. Examples 

L Morphology, definitions 

The m^fftriflis of the present invention aie three-dimensional, permanmtly 
ciosslinked polymer networks. As defined herein, a "polymer network" is that 
three-dimensional structure resulting from the crosslinkmg of polymers. Preferred 
polymers are chemically-crosslinked. "Chonically crosslinked" means thai a 
multifunctional chemical reagent is added during synthesis which reacts with, and 
interconnects via covalent bonding, two or more polymer chains. The term 
"chemically crosslinked" is not meant to include gamma radiation, photochemical, 
electron beam, or ultraviolet crosslinking whM these methods are intended to 
replace a chemical moiety used as a crosslinker Thus, direct crosslinking of 
hydroxypropyl cellulose with itself using radiation is not intended to be included 
within the scope of this invention. 

The multifunctional chemical reagent is the "crosslinker". The form that 
the ciosslinker takes once the polymer n^ork has been formed is defined as the 
"crosslinkage". For example, and as discussed more fully below, succinyl 
chloride is a crosslinker that may not have a KATP but, once it is reacted in 
solution and crosslinked, it converts to succinic acid crosslinkage which does have 
a KATP. It will be understood by those having ordinary skill in the art that, not 
every single crosslinking reaction will produce the desired KATP crosslinkage; 
some defects may arise. Nevertheless, within the constraints of good 
manufocturing practice for materials of this type that are well known to those of 
ordinary skill in the art, it is considered that gels of the present invention have 
crosslinkages that all have a KATP, although the starting material crosslinker (e.g. 
precursor acyl halide derivative) may not have a KATP. 

Likewise, the polymer chains themselves may have impurities or other 
imperfections that are considered to be within tolerance requirements for materials 
of this type when used for the particular purposes of the present invention. 
Similarly, within the constraints of good manufiicturing practice for materials of 
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this type that are well known to those of ordinary skill in the ait, it is considered 
that gels of the present invention all have a KATP. 

In paiticolar, the prefer red three-dimensional polymer netwoiks are 
homogmeous or mi cr op or ous gds. The tenn "gel" refers to materials betwera the 
S liquid and solid state containing enough solvent molecules to cause macroscq)ic 

changes in the sample dimension. The term "gel* also includes polymer gel 
networks in which virtually all liquid (i.e., solvent) has ben driva off, leaving a 
"dry* gel. Hie term "microporous** refers to two-phase systrais of a continuous 
solid phase containing numerous pores filled with fluid. A "microstnicture" as 

10 defined herein, refm to those structures of a gel (e.g. pores, voids, walls and die 

like) d)servable under a scanning electron, or other, microscope and ranging in 
size from 0.01 to about 100 microns. Gels containing pores in the size range 0.01 
to about 10 microns are 'microporous*. If some of the pores are interconnected, 
the gel is typically called an "opm-cell" gel. If all the pores in the gel are 

15 interconnected to each other, the gel is a "bicontinuous" gel. If the pores are 

discrete (not connected to each other), so that the internal space of each pore is 
indq>endent of the other pores, the gel is a "closed-cell" gel. The presrat 
invention encompasses as all these morphological forms and combinations of these 
fonns. 

20 Microporous responsive gels may be "fest response" gels. As defined 

herein, "feist response" means that the gel reaches 90% of its maximum volumetric 
swelling or 90% of its minimum volumetric collapse in a time that is at least ten 
times faster than a comparable non-porous gel of the same geometry when both 
gels are subjected to a similar change in an environmental condition. 

25 The polymer gel network materials described herein may also be employed 

in a variety of forms. For example, the materials may be used as films or 
membranes, tubes, hollow fibm, solid fibers, molded objects, solid particles, 
capsules, micelles or liposome-like structures. They may also be apphsd as 
coatings on solid surfeces (e.g. catheter tips) or in the pores of porous solids, as 

30 solutions, particulate susprasions and the like. Coatings may be applied to and/or 

attached to polymers, metals, ceramics, glasses, cartxms and the like. 
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IL, Design Pathways 

The polymer gd networks of the present invention and thdr componrat 
paits are intended to have a known accqitable toxicotogical profile (hereinafter 
"KATP"). This tenn refers to the ability of a given polymer gel network or 
component thereof to successfully pass legulaioiy approval by an appropriate 
governmental body or industry gioiq> reqxmsible for the safety of drugs, 
cosmetics, medical devices, pharmaceuticals, food additives, food processing and 
the like when the drugs, cosmetics, medical devices, pharmaceuticals, food 
additives, food processing and the like, are used in animals, including humans. 

More paiticulaily, and at least in the United States, a polymer network of 
the present invention is considered to have a KATP if the network, and its 

polyma/crosslinkn oomponNits, are consulered by the U.S. Food and Drug 
Administration ("U.S. FDA") to be safe for a particular use as cited in Section 21 
of the Code of Federal Regulations (" 21 C.F.R."), relevant sectfons of which are 
described below and incorporated herein by rrference. Moreover, certain 
industrial groups have also provided lists of ma^ials that are intraded to be 
included within the scope of this invoition, such groups in the United States 
including the Cosmetic,Toiletries and Fragrances Associaticm (horanafto 
"CTFA"). 

It will be understood that the U.S. Food and Drug Administration will only 
approve materials for a specific use and for a particular drug and dosage at issue. 
For example, materials that are considered to have an KATP suitable for the 
present invention include those on the "GeneraUy Regarded as Safe" (GRAS) Ust 
promulgated by the Food and Drug Administration at 21 C.F.R.182.1-182.8997, 
when used for the purpose indicated in accordance with good manufacturing 
practices. GRAS materials useful in forming crosslinked polymer networks of the 
inventkm include methylceUutose (21 C.F.R. 182.1480); adipic acid (21 C.F.R. 
184.1009) and succinic acid (21 C.F.R. 184.1091). Other materials that are 
conadered to have a KATP are those that are permitted for direct consumption as 
food additives (amino acWs- 21 C.F.R. 172.320), or as binders/fillers, film 
forming agmts and thickeners for food such as ethylceUulose (21 C.F.R. 
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172.868); bydxoxypropylcelliilose (21 C.F.IL 172.870); methyl ethylcellulose (21 
C.F.IL 172.872); and hydroxypiopylmethylceUulose (21 C.F.R. 172.874); 
modified food starch (21 C.F.R. 172.892). 

Materials suitable for treating, piooessing, or packaging food axe also 
considered to have a KATP under the design pathways described herein. 
Exemplary substances inchide: polyviny4>ynolidone (21 C.F.R. 173.55); adipic 
acid, fumaric add, sebacic acid, and maldc acid (21 C.F.R. 175.300 (b) (vii) (a)) 
; caxboxym^ylcellulose, ethylcdlulose, ethyl hydroxyethyloellulose, 
hydroxypropyhnethyloellulose, and methyl ceUulose (21 C.F.R. 175.300 (b) (xvi)). 



It will also be understood that the polymer gel in its crosslinked form must 
have an aqueous leachate that has a KATP or the aqueous leachate must contain 
residual moieties (i.e. materials left over from synthesis) such that the solvent is 
within acceptable limits promulgated by the sq)propriate regulatoiy body such as 
15 the U.S. FDA. FDA test procedures for d^ermining leachates and residuals from 

polymeric coatings may be found in 21 C.F.R. 175.300 (Table 2). 

Other materials that can functionalize the polymers of the invention and are 
considered to have a KATP under the pathways described herein are surfactants 
such as diethanolamide condensates, n-alkyl (Cs^Cis) amine acetates, and di-n-alkyl 
20 (CrCis) dimethyl ammonium chloride (21 C.F.R. 172.710). 

From the above-described considerations, we have developed a number of 
design pathways to allow persons having ordinary skill in the ait to select 
materials which have a KATP and which are suitable as building block precursors 
of the polymer networics described herein: 

25 

Pathway Numb^ 1: The individual polymer prBCursor(s), the crosslinker 
used in the synthesis, the final thrBfr<lunensional polymer networic that is to be 
used in a particular context (e.g. food sqiaration, drug release, medical devices, 
cosmetics) and, optionally, the liquid solvot incorporated within a polymer 
30 network, must all have a KATP for that particular use or must have a KATP for a 

related use. Less preferred, although still acceptable under Pathway 1, is the 



11 



96/02276 



PCT/US9Sra9815 



ccwoUaiy that the crosdinkBd poljw. as weU as the M 

polymer netwcwk that is to be used in a particular use context, e.g. food 

separations, medical devices, drag release, cosmetics), have a KATP suitable for a 

diffoentuse. 

Pathway Number 2: TUs pathway concerns tiie mefliods for making 
desirable KATP polymer gds. The polymer and crosslinker precursors and any 
processing aids (i.e. surfectants, anti-foaming compounds, and the like) used in 
synthesb of aKATP gd must also be used in processes for making other materials 
that have a KATP for the same, or for a related use. Less preferred, although stiD 
acceptable under Pathway 2. is the corollary that the precursors and aids are used 
in other processes for making materials that have aKATP for a different use. 

A polymer network felling within any single pathway, or any combination 
of pathways, is suitable and is intended to be encompassed within the scope of the 
invention. 

What follows are some examples, by no means exhaustive, <rf the 
plications of these h»iristics: 

I . One would like to develq) a gel of the invoition suitable for use in 
food separations. It is known that ceUulose etfiers (i.e., hydroxypiopylcenulose- 
HPC) are suitable as polymer backbones since they have a KATP when used for 
food additives (See Aqualon Product Data Sheet No. 494.3, Aqualon Company, 
litde Falls Centre One, 2711 Centreville Road, PO Box 15417, Wilmington, DE 
19850-5417). Cellulose ethers may be crosslinked with adipic acid and both HPC 
and adipic add have KATP's for use as food additives (21 C.F.R. 172.870), thus 

satisfying Pathway 1. 

Moreover, adipoyl cUoride may be used in the synthesis of the adn)ic acid 
crosslinkage (see Pine et al. Organic Chemistry, McGraw-Hill, p. 319, 1980 and 
Example 1, inM- Adipoyl chtoride is used in the production of commercial 
penicillins (see, for example, Laubeck et aL J. Chrom. Sci. 14, 1976), which is 
consistent with Pathway 2. Further, an aqueous leachate from a polymer gel 
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consisting of HPC ciosslinked with adq^ic acid would be adqiic acid and/or the 
cellulose ether (both KATP materials). 

2. One would Uke to develop a gel of the invention suitable for use in 
5 paraiteral drug release (see, for example, Si^ et al. /. Contr. Bdease 8: 179, 

1988; Hofiman Controlled Release 6: 297, 1987). Similar considerations apply to 
developing suitable pathways for selection of these materials. CeUulose ethers 
(i.e., hydroxypropylceUulose-HPC) are suitable as polymer backbones since they 
have a KATP when used for food additives (Aqualon Product Data, supra). 
10 CeUulose ^hers may be crosslinked with adqiic add and both HPC and adq)ic acid 

have KATP's for use as food additives (see above), thus satisfying Pathway 1. 
Moreover, adipoyl chloride may be used in the synthesis of the adqiic acid 
crosslinkage (see above), thus satisfying Pathway 2. Further, an aqueous leachate 
from a polymer gel consisting of HPC crosslinked with adipic acid would be 
IS adipic acid and/or cellulose ether. 

3. One would like to develop a pH-sensitive polymer gel suitable for 
use in agricultural controlled release. Cellulose ethers (i.e. 
hydroxypropylcellulose-HPC) are suitable as polymer backbones since they have a 
KATP when used for food additives (Aqualon Product Data, supra). Cellulose 
^hers may be crosslinked with adipic add and both HPC and adq>ic acid have 
KATP*s for use as food additives (see above), thus satisfying pathway 1. 
Surfactants such as diethanolamide condensates, n-alkyl (-Cs -Cis ) amine acetates, 
and di-n-alkyl (Ct-Cn) dimethyl ammonium diloride (21 C.F.IL 172.710), suitable 
for use with pesticides, may be added to the gel, satisfying Pathway 2 that 
stalling matftriaiiB may be used in processes for making other KATP materials. 

Persons having ordinary skill in the art may readily determine if a 
particular material is suitable for use in the polymer networics of the present 
invention. Such persons need access to goveromental regulatory agency lules that 
describe acoqilable materials for a paiticular use (see above-cited FDA 
regulations). Those having ordinaiy skill in the ait will readily appreciate that 
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S5«rffte nurteriab considered to have a KATP 

among countries having governmental agencies analogous to the U.S. FDA. 
Nevertheless, such persons will be able to ascertain which materials would have a 
KATP suitable for use in fonagn countries by contacting the relevant, counteipart 
agency in that country. For example: in France the counteipart to the U.S. FDA 
is the Agence Francaise du Medicament- 143-145. boulevard Anatole France- 
93200 Saint Denis; in the United Kingdom, the counterpart agency is the 
Medicines Control Agency. Market Towers. Umdon. SW8 5NL; in Japan, the 
counterpart agency is the Ministiy of Health and Wdfiue (drugs and devices for 
human use) and the Ministry of Agriculture and Fisheries (drugs ami devices for 
non-human use); in Canada, the counterpart agency is the Drug Regutatory Affairs 
Division (drugs and devices for human use) ami the Department of Agriculture 
(dnigs and devices for veterinary use); in Germany, the counterpart agency is the 
Bundesgesundbeitsamt, Institut fur Arzneimittel, Bwiin. 

^ <^t?ititif Materials 
A. Polymers 

Polymeric starting materials most suitable for the present networiss are 
crosslinkable materials polymerized via peptide bonds, phosphate ester bonds and 
etherbomls. Exemplary polymers ate natoral product polymers derived fiom a 
living organism (i.e, of algal, microbial, animal, plant origin). Exemplary algal 
natural polymers include agar, futcelleran, alginate, carageenan. Exemplary plant 
natural polymers include starch, cellulose, pectin, gum arable, guar gum. 
tiacaganth, ghatti seed gums, locust bean gmn. Exemplary micn>bial polymers 
inchide xanthan. puUalan. dextran. gellan. Exemplary animal polymers include 
chitin, chitosan. guar, heparin, hyaluronic acid and collagen. 

Many of these are already KATP materials that include water-soluble, 

linear polymers such as polysaccharides (e.g. cellulose, food starch-modified (21 

C.F.R. 172.892), chitin. chitosan. hyaluronic acid, xanthan gum (21 C.F.R. 

172.695). chonditMtin sulfete. heparin, and the like) and hyd«)xyalkyl. 

alkylhyd«>xyalkyl and alkyl-substituted ceUulose derivatives such as cellulose 
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ethers* Exaaplary cellulose etfam include metbylcdlulose (MC), 
hydioxyetfaylcdlulose (HEC), etbylhydirayethylodlulose (EHEC), 
hydioxyethylm^ylceUulose (HEMC), bydiDxypiopylmethylceUulose (HFMC), 
hydioxypiopylcellulose (HPC), caiboxym^yloellulose (CMC), and 
hydroxymethyloellulose (HMC). Cellulose ethers suitable for use in the present 
invotion are readily available under a variety of trade names ftom a variety of 
manufacturers, for example: MC ("Methocel A"- Dow Chemical Company; 
"Metulose SM"- Shinetsu Chemical Company); HFMC (*'Methocel B"- Dow 
Chmical Company; "Celacol HFM"- British Cdanese Ltd.); HEC (*'Cellosize 
WP"- Unicm Carbide Coiporation); HPC (Aqualon Inc.). 

Responsive polymers of amino acids such as poly(L-pn)line), and 
poly(valitte-pn)line-glycine-X*glycine) [where X = tyrosine, phenylalanine, 
leucine, valine, glutamic acid, lysine, glycine, and other amino acids], as well as 
polypeptides like gelatin may also be used. Polynucleotides such as ribo- and 
deoxyribonucleotides are also suitable for crosslinking according to the invention. 

Responsive polymers suitable for synthesis of KATP netwoilu may also be 
KATP synthetic polymers such as polyethylene glycol (PEG)- e.g. 21 C.F.R. 
172.210, 172.770, 172.820, 173.310; polyvinylalcohol (PVA- 21 C.F.R. 175.300 
(XV)); poly^ylene oxide (21 C.F.R. 172.770) and the like. 

B. CrossUnkers 

Crosslinkers are those chemical reagents with suitable KATP that are 
capable of linking polymer baddwnes. Specific crosslinkers will dqioid upon the 
polymer but preferred crosslinkers for polysaccharides, especially modified food 
starches and cellulose ethers, are multifunctional caiboxylic adds, such as adipic 
acid (hexanedioic acid: HO(X:(CH2)4COOH), succinic add (HOOC(CH2)3COOH), 
malonic add 0>iopanedidc acid: (^{^(COOH)}), sebadc add (decanedioic acid: 
HO(X:(CH2)COOH), glutaric acid (pentanedioic acid: HOOC(CH2)3COOH), or 
any dicaiboxylic acid (e.g. 1,10 decanedicaifooxylic add). DicarboxyUc 
hydroxyadds, such as taitaric acid and malic acid may also have suitable KATPs, 
as may multifunctional caiboxylic adds such as 1,2,3,4-butanetetracarboxylic acid. 
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Other ciossUnkers that have suitable KATPs include dialddiydes, such as 
glutaialddiyde, which are preferably utilized i^ Inadiation 
eneigy is another useful crossliiiker with a suitable KATP. 

Pmous having oidinaiy skill in the ait will readily qypreciate that 
esteiification reactions between the hydroxyl groups of the ^er and the caiboxyl 
group on the preferred crosslinkers provides the crossUnkage arrangement It will 
be further und^stood that certain ethers will participate in more active 
crosslinking than others. We have found that adipic acid will not produce a useful 
ciosslinkage with HPC and HIMC while it win crosslink HEC. This is probably 
due to die stearic hindrance to esteriflcaticm of the crosslinter afforded by the 
secondary and tertiary alcohols of HPC and HFMC, as opposed to the less 
sterically hindered primary alcohols of HEC. 

Unsaturated dibasic acids have been used to physically crosslink water 
soluble polymers by ^pphc^tion of drying and/or heat (see, for example, Rcid 
U.S. Patent 3,379,720, incorporated herein by reference). Unfortunately, the heat 
required to crosslink water soluble polymers within a reasonable time of several 
hours is very high, ranging from 90^ C (2-3 hour gelation) to 200^ C (1-2 minute 
gelation). This may rmder the Reid method unsuitable for use with heat labile, 
biologicaUy active comp(mnds. At room temperature, the Reid methodology 
produced a gel in 10-30 days. 

One of the present methods for crosslinking direcdy wiUi multifunctional 
carboxylic acids involves azeotropic distillation to ensure that the water formed 
during the esterification reaction is continually removed ftom the reaction system. 
However, tiiis method is limited to highly reactive compounds (see Examples). 

We have, however, discovered that a preferred metiiod of effective 
crosslinking may be accomplished in 3-4 hours by using acyl haUde derivatives of 
multifunctional carboxylic acids as the crosslinker reagents added to the polymer 
solution. These acyl halides preferably are chloride derivatives such as adipoyl 
chloride, sebacoyl chloride, sucdnyl chloride, and tiie like. Acyl chloride 
derivatives of multifunctional carboxylic acids are very unstable in water and will 
react almost immediately to form the correqx>nding acid in solution (see, for 
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10 



example, Pine ei al., Organic OtemistFy, supra, p. 319) and it is this acid, not its 
balide derivative, that becomes incoipoiated into the final fonn of the polymer 
netwoik as the crosslinkage. As a result, one mbodiment of 

the synthesis requires use of anhydrous conditions and anhydrous solvents but 
without the need for azeotropic distillation (see Examples). Fuithennore, because 
the halide derivative is so reactive with water, aqueous leaching of a polymer 
networic with any residual halide derivative will necessarily yield the acid form of 
the crosslinker in the leachate, not the halide derivative. Thus, the leachale is a 
KATP material. 



C. Functional Groups 

The three-dimensional polymer noworlcs described herein may also be 
iiinctionalized during synthesis with one or more surfactants, affinity ligands (e.g. 
monoclonal antibodies), chelators, ^izymes, and the like that are immobilized in 

15 or on the polymw netwoik. The term "immobilize" refers to physical trapping of 

a functionality within a polymer n^ork as well as chemical bonding of a 
functionality via covalent, or other bonding, within a polymer n^ork. Methods 
of immobilizing such functionalities to polymer networics are well known to the 
practitioner (see, for example, Hoffman et al. U.S. Patrat 4,912,032; McCain et 

20 al. U.S. Patent 4,737,544; O'DriscoU et al. U.S. Patent 3,859,169, each of which 

is incorporated hadn by referrace). 

For example, immobilization of a ligand within KATP polymer gel 
networics allows the ligand to be exposed to, and/or isolated fitom, an environmrat 
by changing the geFs volume (see discussion on "responsive" gels, below). That 

25 is, a substance may be delivered to or removed from an environment by 

employing a ligand immobilized within a responsive KATP polymer gel of the 
present invration. The immobilized ligand may be selected for its c^>ability of 
specifically bmding with a substance although the ligand may also bind non- 
speciiically. 

30 A ligand (e.g. an enzyme or antibody) may be physically trapped and 

protected within a polymer gel or may be immobilized to a polymer chain by 
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linkages that are labile to enzymes or aqueous solvent having a specific pH or 
tempeiatuie. A drag, antibody, or other molecule may be inunobilized to, for 
example, ceUulose ether moieties and the gel kept in a dry or shrunken state. 
When such a gel is swoll», it will incoipoiate solvent and if the solvent can 
degrade the labile linkage(s), the drag or antibody or other molecule will be 
released from the gel into the environmnt. 

The matnial immobilized m the KATP polymer gels described herein may 
also be a binding component of an affinity binding pair. Suitable binding pairs 
include an antibody which binds with an antigen or baptsn of interest; a recq)tor 
that binds with a hormone, vitamin, dye or Iqiid binding partner in solution; 
lectins that bind with polysaccharides; DNA or RNA that binds with 
complementary DNA,RNA, or oligonucleotides; ions that bind with chelators; and 
the like. 

In another embodiment, a chemically active reactant may be immobilized to 
provide a means for controlling a reaction. Using the preferred responsive gels 
described below, reactions may be cycled on and off as exposure of the 
immobilized reactant to a reaction condition is regulated by altering the volumetric 
changes of the gel containing the reactant. Such a system could inclucte an enzyme 
or antibody immobilized in or on a KATP gel of the present invention to catalyze 
a reaction with a substrate in a solution of interest (see, for example, Hoffman et 
al. U.S. Patent 4,912,032, incorporated herein by reference). 

Most preferably, the functional moieties (e.g. afTmity ligands) also have a 
known accqptable toxicological profile. 

D. Additives 

"Additives'* are defined herein as materials incorporated into a responsive 
polymer gel network of tfie invmtion tiiat have a KATP suitable for tiie particular 
use of tiiat gel. Additives include, but are not limited to, stabilizers, biocides, 
anti-microbials, adhesives. 

Responsive Gel Networics 
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Preferred crosslinkBd polymer netwoiks of the invradon axe gels that axe 
"responsive'- i.e. are gels that, whoi diallenged with an mvinnunotal change, 
are affected by that mvironmental change in that the envircmmental change causes 
the entire gel, or a component thereof, to undergo a reversible volum^c change 
5 in which the gd expands from a less liquid-filled state or dry state to a more 

liquid-filled state; or collq)ses firom a more liquid-filled state to a less liquid-filled 
state. 

Polymer gels used in the present metfiod may be expanded by either (i) 
contacting a dried gel with a solvent and allowing the gel to non-reversibly swell 

10 with solvent and incorporate any moiety (e.g. a drug, affmity ligand) contained in 

the solvent; (ii) initiating a reversible volumetric expansion of the gd to 
incorporate solvent (and any moiety contained therein) by triggering the expansion 
with a stimulus; or (iii) a combination of (i) and (ii). In this context, the term 
"incorporate*' refers to both absorption of a material inside the gel network and 

IS adsorption of a material on a surface of the gel. 

The degree of volumetric change b^een collapsed and expanded states of 
the preferred "responsive" gels at their particular environmental transition region 
is quantitatively much greater than the volume change of the gel outside the 
enviroimiental transition region. Equations describing this volume behavior are 

20 not simple monotonic functions (as they are for convrational hydrogels) but 

contain one particular envixormiental transition wtere the volume change is much 
larger than at other environmental transitions for the same gel. 

The primary requirement of a responsive polymer gel of the present 
invention is that the entire gel, or a component, undergo a volume change in 

25 response to a change in environmental condition. The gel as a whole may meet 

these requirements. Nevertheless, the gel may itself include several other (i.e. 
non-responsive) components as long as at least one component(s) provides the 
required property. 

For instance, the gel may be a single material such as a single polymer 

30 network which me^ the volumetric reqxmse requirement. The gel may also be a 

co-polymer, whether a random, alternating, or block co-polymer, that has a KATP 
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and which meets the volumetric response lequirement. The gel may also include 
two or moie polymers, each component polymer having a KATP, so long as the 
result is a physical polymer blod, wherein at least one polymer meets the 
volumetric response requiremrat. 

The gel may also be an inteipenetrating polym^ networic (IPN) in which 
each KATP polymer maintains its inoperties. An IPN may possess only a volume 
change propeity such as an IPN of HFC and cari)oxymethylcellulose. A 
responsive gel may also be combined in an IPN with a soiptive-type gel to meet 
the requirements of vapor extraction, drug deliv^, dectrophoresis, or other 
delivery systrai. Thus, a purely responsive polymer may itself be combined in an 
EPN with a polymer that has a sorptive component. The IPN may possess both 
properties, however, so that at least one polymer mmber of the IPN provides the 
sorptive propeity and at least another polymer member provides the volume 
change property. This type of configuration is particularly useful in drug deliveiy 
systmis. 

The reversible volume change of the entire gel, or a component thereof, 
may be either continuous or discontinuous. A "contiouous** volume change is 
maiked by a reversible change in volume (i.e. a collapse or swelling) that occurs 
over a relatively large change in environmental condition. Moreover, there exists 
at least one stable volume near the transition between the swollen and collapsed 
states. 

Crosslinked gels of the invention may undergo a ''discontinuous'' volume 
change in which the reversible transition from swollen to coUapsed states, and 
back again, occurs over an extremely small change in environmental condition, 
such as less than 0.1 T or 0.1 pH unit. Such reversible gels are often called 
"phase-transition" gels (see, for example, Hirotsu et al., J. Chem. Phys. 87:15, 
1987, which describes synthetic polymeric gels that undergo phase transitions). 
There is no stable volume between the swollen and collapsed states at the phase- 
transition and, in theory, the expansion and/or collapse occurs over an 
infinitesimally small environmental change. A gel undeigoing a continuous phase- 
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transitian may have a similar onler of magnitude toftal volume change as a gel 
undergoing a disoondnuous phase-transitira. 

On a molecular levd, tbe preferred responsive gds are srasitive to small 
changes in a restricted repertoire of ovironmental ""trigger** conditions consisting 
5 primarily of tempmture, pH, solvent concoitration, and ion concentration. On a 

macroscq)ic level, any of a vari^ of environmental changes may be imposed on 
the gd which allows the spcdfic trigger to induce a volume change. Ihese 
environmental conditions may be, but are not necessarily, the same as the trigger 
and include, but are not limited to, a change in traiperature, electric field 

10 (presence, strength, and/or orientation), magnetic field (presence, strraigth, an/or 

orientation), photon energy, pH, solvent composition, ion concentration, 
concratration of biomolecules, mechanical force, pressure, and the like. 

The preferred gels of the invention may be combined with a material that 
acts as a molecular "transducer**, converting an environmental condition into an 

IS appropriate trigger. For ^cample, a dye may be introduced into a temperature- 

triggered responsive gel. The dye is designed to trap light of a given wavelength 
and conveit the light energy into beat, thus triggering the gel to undergo a 
temperature-induced volume change (see, for example. Seasick et al. Nature 
346:6282, 1990, incorporated herein by reference). 

20 The volumetric changes of gels described herein result from competition 

between intermolecular forces, usually electrostatic in nature, that act to expand 
the polymer network; and at least one attractive force that acts to shrink it. 

Volumetric changes in aqueous gels are driven primarily by four 
fundamental forces: ionic, hydrophobic, hydrogen bonding and van der Waals 

25 bonding interactions, either alone or in combination. Each of these interactions 

may be independently responsible for a volume transition in preferred gels of the 
invention. Each of these fundamental forces is most strongly affected by a 
particular trigger Changes in solvmt concmtration most strongly affect the van 
der Waals interaction; changes in temperature most strongly affect hydrophobic 

30 interactions and hydrogen bonding; and changes in pH and ion concentration most 

strongly affect ionic interactions. 



21 



wo 96^12276 



PCT/US9S/I)9815 



Ttais, a gd whose volume change is governed by ionic interactions would 
indude components that are weakly addic and weakly basic, such as 
poly(methytanethaciylate)/dimethyhuninoethyl methaoylate (see. for example, 
Siegel et al. Maciomoleciites 21:3254, 1988) and ceUutose ethers such as HPC 
ciossUnked by methods described heiein. Gds of this type are sensitive to pH 
(see Example 1). 

Gels whose volume change is govoned by hydrogm b(»ding will collqpse 
with a decrease in temperature and are exemplified by inteipendrating polymers 
that comprise aciylamide as one polymer, acrylic add as the ottwr polymer, and 
water as the liquid medium. Gels whose volume diange is governed by 
hydrophobic interactions will colli4>se whoi challoiged with an increase in 
temperature and are exemplified by N-isoprqpyla«yl«n»de- Gds whose volume 
change is governed by van dw Waals interactions will behave similarly to those 
governed by hydrophobic inta:acttons. 

Gels may be formulated in which the volume change is governed by more 
than one fundamental force. In particular, gels consisting of copolymers of 
positively and negatively charged groups meet this requirement In these gels, 
polymer segments interact with each other through ionic interactions and hydrogen 
bonding. The combination of these forces results in the existence of several pH- 
driven phases (see, for example, Annaka et al. Nature 355:430, 1992, 
incorporated herein by reference). 

Volumetric changes in gels can be draived from thdr equations of state that 
relate three characteristic state variables of the gel: volume (V) or equivalent 
density of the polymer networic (*), tonperature (T) plus polymer-solvent 
inteiaction paiamder (aF), and the osmotic pressure(T ). At equilibrium, the 
osmotic pressure of a gd must be zero (t=0). 

Without wishing to be bound by any particular tiieory, and as but one example 
of the theories developed in the fidd, one may determine the temperature (Tc) of the 
phase transition where (0) is the theta temperature of the polymer networic in the 
solvent, and is the concentration of the polymer networic when in a random walk 
configuration, using equation 1. 
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(Equation 1) = 9/(1 ± 22,5*o) 

Tbe value in the denominator is positive for gds that collq>se at lower temperature 
(see Example 4) and negative for gels that collapse at higher tenq)eratures (see 
Examples 1 and 2). 

5 Three osmotic pressures contribute to the total osmotic pressure of a gel, as 

shown bdow in equations 2» 3, 4 and 5. 

(Equation 2) t = T^te + r^nitf + 'km 
(Equations) = vJcT{(*/2«o) - Wc)'") 

(Equation 4) = vJcT{hi(l - ^) + + AF (*/*J^ 

0 (Equation 5) = yJsT{{<l>/4>^} 

Here, Vo denotes the number of effective crosslinks of the n^oric when it is 
in the random walk configuration whose density is draoted by 4>o- 
referred to as the reference state. The rubber elasticity, x,^, which originates from 
the configurational entropy of the polymer networic, provides a restoring pressure 

.5 back to the reference polymer netwoik density. When a polymer networic is 

expanded, a negative pressure is created in the networic and shrinks back. On the 
other hand, when it is contracted, the pressure acts to expand to the original reference 
state. Secondly, the polymer-polymer and polymer-solvrat interactions give rise to 
another osmotic pressure, x ,jf^. In a poor solvent, the polymer networic tends to 

iO shrink, whereas in a good solvent a gel tends to swell. The last factor is the osmotic 

pressure due to ionization of tiie polymer networic, x^. The counter4ons within the 
gel create a gas-type pressure to expand the gel in propoition to the density of 
counter-ions as weU as the absolute temperature, kT, where k is the Boltzmann 
constant. 

>S These three osmotic pressures compete with each other and the gel volume is 

equilibrated in a condition at which these three osmotic pressures balance at x= 0. 
There is a special condition at which the competing pressures become equal to each 
other, at which point the volume change occurs. When the ionization pressure is 
laige, as in the case of extensively ionized gels, the volume change is physically 

30 dramatic and discontinuous. With increased ionization, tbe volume change becomes 

laxge. There «ists a minimum critical concentration of ionic component within a gel 
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soxbent for each solvent system onployed in order to achieve leversible discontinuous 
volume change of the gel soibent. This wiinimnm ionic concentration can be 
detennined for each polymer netwoik and solvent system. For some polymer 
systems, no ionization is required. 

S The equations above qualitatively ^lain all of these aspects of volumetric 

changes (see, for example, Tanaka et al. Phys. Rev. Lett. 45:1636, 1980; Tanaka et 
al. U.S. Patent 5,100,933; each of which is incorporated herein by reference; see 
also Gehike Adv. Polymer Sci. 110:81, 1993 for other theoretical descriptions). 

Persons having ordinary skill in the art may readily test whether any particular 

10 polymer network is responsive by following the procedures, and using the aiqiaratus 

described in Example 1 to measure the volumetric change of the networic as a function 
of, for instance, temperature, solvent concentration, pH and the like. 

Y. Methods of Preparing Safe Polvmer Gel Netwoita 

15 A. General Considerations 

Any of a vari^ of techniques may be used to make the safe polymer gel 
networks of the present invention. 

A general protocol for forming a KATP polymer network of the present 
invention using a crosslinkable polymer includes tte steps of dissolving the KATP 

20 polymer(s) in a suitable solvent and allowing the polymer(s) and solvent to mix. A 

crosslinking agent is then added to the polymer solution, and the solution and 
crosslinker are further mixed together. The resulting solution may be poured into a 
solid mold (e.g. between two glass plates), and the crosslinking reaction carried out. 
Li an exemplary sequence, a chemical crosslinking reaction is carried out in 

25 the homogenous polymer state at room temperature to form a certain amount of 

polymer netwoik. Total crosslinking time will vary but is generally less than 24 
hours. The netwoik is then removed from its moki, and rq)eatedly washed to leach 
out any teachable material present in the netwoik. In principte, a polymer netwoik 
can be made from any KATP polymer with side groups that can react with a di- or 

30 multi-functional crosslinking molecule. 



24 



wo 96/02276 



PCTAIS9S/0981S 



Tlie polymer solution may also be fonned into beads or sph^es using 
ciosslinldng in a non-solid mold where the reacting solution (polymer, oosslinker and 
catalyst, if needed) is dispersed in a non-solvrat to form a droplet Hie solution 
reacts within the droplet to form a bead. In this method, the non-solvent may be 

S considered to be a 'mold" for polymo* netwoik droplets. 

U.S. Patent No. 3,208,994 to Flodin et al.» incoiporated herein by reference, 
generally discloses methods of pivparing polysaccharide gel beads using suq>ension 
crosslinking. One introduces a wat^ soluble polysaccharide and crosslinter into a 
suspension medium under agitation to obtain suspended drops of the polysaccharide 

10 solution. Another m^od of prq>aring gel beads uses inverse emulsion 

polymerization, in which a monomer solution is introduced into a dispersion solvent to 
form monomer droplets and polymerization is initiated to fonn polymer gel beads 
(see, for example, Hiiose et al. Macromolecules 20:1342, 1987, incoiporated herein 
by reference). Pref^ably, an aqueous cellulose ether solution, a non-polar saturated 

[5 hydrocarbon solvent, and a crosslinker are provided and admixed to form a two-phase 

system. The two-phase system is agitated sufficiently to form drcyl^ of aqueous 
cellulose ether solution in the two-phase system. The agitation of the two-phase 
system is maintained to form crosslinked cellulose ether gel beads and the crosslinked 
cellulose ether gel beads are thereafter recovered from the two-phase system. 

20 Polymer n^orks of the invention also may consist, in whole or in part, of 

polymers made by cc^lymeiization/crosslinking of monofunctional and polyfunctional 
polymerizable monomers. 

A preferred method for making KATP gels from cellulose ethers involves 
dissolving a sample of cellulose ether such as HPC or HPMC in an anhydrous solvent 

25 that does not contain active hydrogen, such as for ^cample N-methyl pyrolidone (21 

C.F.R. 176.300), dimethylsulfoxide (DMSO), dimediylfonnamide (DMF), 
methylethlketone (MEEQ, t^rahydrofuran (THF), and the lite. The concentration of 
polymer in the solution may range from about 5-20% by weight of polymer per 
volume of solution, with a preferred concentration primarily a function of the kind of 

30 polymer used in the synthesis. The molecular weight of the cellulose eth^ should be 

at least about 20,000. Preferred molecular weights range from about 75,000 to about 
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150,000. The higher the molecular weight of the polymer, the shaiper will be the 
volume change of the resulting responsive gd. lliis is because a higher molecular 
weight will result in f onnation of a more consistent three-dimensional polymer 
netwoxk. Molecular weights may range up to 1,000,000 or more although it will be 
understood that viscosity effects will place an upper limit cm the molecular wdght of 
the polymer starting material. Those having ordinaiy skill in the ait may readily 
determine using the methods described herein the extent to which viscosity constraints 
interfere with the gd fonnation process and/or prevent the crosslinker from mixing 
with the polymer. 

When synthesizing gels of the invention with a crosslinker reagent that is a 
dicaiboxylic acid, azeotropic distillation is a preferred method. A first solvent such as 
DMSO is added to a distillation flask containing the polymer and crosslinker reagents. 
Both are mixed to achieve a clear solution. To this solution, a small amount (several 
hundred fiL) of an acidified solution of first solvent is added, followed by the addition 
of a second solvent (e.g. toluene). This solution is allowed to react under azeotropic 
distillation until a gel forms in the flask. The gel is then removed and placed in an 
excess of deionized water. The water is rmoved and excess primary alcohol (e.g. 
methanol) is added to remove excess solvent. The gel is washed and then dried in a 
desiccator. 

Synthesis of KATP gels using acyl halide derivatives of dicarboxylic acids 
generally occurs as follows: While stirring the cellulose ether polymer solution under 
anhydrous conditions, the solution is cooled slightly below room temperature (in some 
embodiments to between about 10-20 ""C) and a cold solution (in some embodiments 
between about 2-8 "C) of a preferred acyl halide derivative of a multifunctional 
caiboxylic acid is added as crosslinker to the polymer solution. This solution is 
stirred and then allowed to sit until gelation has occurred. Gelation time will 
necessarily vary and may occur within about 2 hours (e.g. for HPQ or as long as 24 
hours (e.g. for HPMC). The polymer/crosslinker weight ratio is between about 12/1 
and 8/1. Hie lower the ratio, the more highly crosslinked the resulting gel will be. 

The reaction will not always produce polymer/crosslinker/polymer covalent 
couplings, and a number of incomplete crosslinks will occur that will leave one end of 
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the acid chloride group umeacted. After the crosslinking reaction, any unreacted acid 
chloride is quantitatively reacted with water to produce a caiboxylic add group. 
Caxboxylic acid groups in the polymer networic will provide a pH* and traq)eraturB- 
responsive gd (see Example 1). 
5 Alternatively, if it is desired to produce a gd which has basic (amine) groups 

rather than add groups, this may be achieved for example by allowiqg the acyl halide, 
cellulose ^r reaction product to react with a KATP diamine such as 
ethylenediamine or hexamethylenediamine (21 C.F.R. 17S.3(X) (b) (3) (xxxii) to 
produce an amine-terminated amide. The amine-tenninated amide will survive the 

10 worioq}. These amine groups will cause the gel to be pH and temperature responsive 

in a range difFermt horn the acid group-containing gel. 

After the gel is fonned, destruction of any rraiaining add ddoride groups is 
carried out by soaking the gel in distilled water for about 12 hours. Solvent is then 
removed by soaking the gel in an alcohol (e.g. m^hanol, ethanol, and the like) for at 

IS least several hours so that the methanol can diffuse into the gel and the solvent can 

diffuse out of the gel. After several hours, the wash is drained off. This process is 
repeated at least 4-S times. The gel is then washed 4-5 times with distilled water 
while it is being heated to between about 60-80 for about 2 hours. Heating drives 
off any remaining alcohol, leaving gel and water. The process is rq)eated at least 3-S 

10 times until the gel appears opaque at the elevated temperature. This opacity signifies 

that the gel has undergone a volum^c change at a lower critical solution temperature 
(LCST), and therefore that the gel has temperature responsive characteristics. For 
HPC, the LCST is between 42 and 46 T. Tte degree of responsiveness to pH may 
be assayed using the device and procedures givra in Example 1. In the Examples, all 

25 the gels were pH responsive, and all gels txcepi those of Examples 3, 6-1 1 were also 

temperature reqxmsive. 

Persons having ordinary skill in the art may readily determine if a particular 
KATP polymer material is capable of forming a polymer gel network by following the 
synthesis procedures described herdn. Moreover, methods to determine the degree of 

)0 crosslinking are conventional and are described, for example, by Pq)pas et al. (eds) in 

"Hydrogels in Medicine and Pharmacy*' Vol. 1, CRC Press, Boca Raton, Florida, 
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1986* The degree of crossliiildng of polymer gels may also be measured by 

uniaxial compxession tests. Briefly, a cylindrical gel disk (proximately 25 mm in 
diameter) is first swoUra to equilibrium in water at 2S'€ and weight, thickness, and 
diameter measured using a balance, micrometer, and a ruler, respectively. The gel 
sample is placed in a water-filled Petri dish and a constant strain qiplied by 
adjustment of a micrometer. The rdaxation of the applied stress was monitored by 
computer until the equilibrium, relaxed state was reached. Then the strain is 
increased in steps and equilibrium value of stress at each point recorded. Next, the 
equilibrium stress is plotted versus the strain function (a - o'^), where a is the ratio of 
deformed thickness to the unstrained thickness of the sample. This plot is expected to 
be linear for a>0.90. The shear modulus is obtained from the slope of the initial 
linear r^on of the plot using the equations of Marie (see Hiysical Ptppeities of 
Polymers Am. Chem. Soc. Wash. D.C., 1984, incoipomted herein by reference). The 
crosslink density of the gel sample is calculated from the equations derived by Harsh 
et al. (see J. Control Release, 1991, incoxporated herein by refermce) for non-porous 
gels, e.g. 

G = RT px (02f/*2)^ 

where: 

px is the crosslink doisity; 

^2f is the polymer volume fraction at the network fonnation; and 
^2 is the polymer volume fracdon of the gel during the experiment. 

B. Microporous Gels 

Microporous KATP gels arc encompassed by the invention. A gas phase is 
dispersed throughout a fluid polymer phase and the resulting porous material is 
solidified. In such microporous materials, the cell or pore size is generally of the 
order of 100-2(X) microns or laiger (see, for example, Aubeit ^ al. Macromolecule, 
21:3468, 1988, incoiporated herein by reference). 

Another method for fabricating microporous gels is to disperse solid paitteles 
in a polymer melt or in a polymer sohition. The polymer solution or melt is solidified 
either by chonical crosslinking or by physical means such as freezing. After 
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solidification of the polymer, the solid particles are leached away (see, for example, 
Mikos a al. Mater. Res. Soc. Symp. Proc. 252:353, 1992, incoipoiated herein by 
leference). 

MicioponHis gels may also be formed by a process in which co-monomers 
5 including crosslinker are polymerized in one phase of a bicontinuous microemulsion, 

while the other phase forms the cells or pores (see, for example, Hainey et al. 
Macromolecules 24:117, 1991, incoiporated herein by iderence). Materials made by 
this process have a pore size ranging Anom 1-30 microns. This technique is limited by 
the ability to find a suitable solvent and non-solvent for the oomonomers and 

10 emulsifying agent which will form a bicontinuous emulsion. 

A prefened process for making microporous gels of the present invmtion, and 
for developing design controls that rpgulate the microstiucture of the final product, is 
the phase inversion process. "Phase inversion", herranafter called "phase separation", 
refers to the process by which a polymer solution containing one or more polymer 

15 precursors, in which the solvent is the continuous phase, inverts into a three- 

dimensional wtwoik or gel where the polymer(s) are now the continuous phase. 
Phase sqjaxation occun when polymer becomes insoluble in the solvent upon 
changing the system conditions (see, for example, Kesting Symheiic Pofymeric 
Membnmes: A Smtciural Perspective, J. Wiley and Sons, NY, 1985, incoiporated 

20 hereia by reference). Thus, one method of the invention includes contacting a 

dissolved polymer with another solvent that effectively removes the solvent from the 
polymer and precq>itates the polymer out of solution, fonning a microporous 
interconnected structure that is crosslinked to convert it into a responsive gel. 

Most preferred are methods in which temperature induces phase separation. 

25 These processes use a substance that is a good solvent for the polymer at one 

temperature, but is a poor solvent at another temperature. Temperature may be easily 
controlled so that this method generally is rq>roducible, since heat transfer is much 
faster than mass transfer. 

A preferred m^od described herdn for making micrcqxmms volume change 

30 gels can be iqpplied to make crosslinked mioqporous gels from any crosslinkable 

polymer-solvent systrai which phase sqiarates with changes in temperature. Many 
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aqueous-soluble polymers phase sqnrate with changes in temperature. Even aqueous 
polymer solutions which don't phase sqnrate at a particular temperature can be 
forced to phase sqiarate at another temperamre by adding, for example, an oiganic 
solvent such as ethanol or a suitable salt, such as, for example, 1 M NaCl. 

Miciopoious gels may be "fast response" gels. As defined herein, "fast 
refuse" means that the gd reaches 90% of its maximum volumetric swelling or 
90% of its tninim mn volumetiic collq)se in a time that is at least ten times faster than 
a comparable non-poious gd of the same geometry when both gels are subjected to a 
similar change in an environmental condition. Methods of making and using fast 
response gds may be found in co-pending PCT application number 
PCT/US94/05400, filed 13 May 1994 (35 U.S.C. Section 371(c) (2): "Microporous 
Fast Response Gels and Methods of Use"- Gdirke and Kabra). 

YL Loading Biolop icaMv Active Compounds into Polvmer Gel Nctwoita 

It will be understood that there are many methods available to load biologically 
active compounds into a polymer gd. Two graeral methods of drag loading into gels 
have been used: (i) formation of a hydiogel in the presnce of the compound (i.e. 
drug); and (ii) swelling of a prefonned gd in a solution (i.e. an oiganic solvent) of 
the compound (i.e. drug; see, for example, Kim et al. Phar. Res. 9:283, 1992). 
Loadings are generally on the order of about 3 percent by weight. 

Gref et al. (Science 263:1600, 1994) have developed biodegradable 
nanospheres using amphiphilic polymers that phase-sq)aiated during emulsification. 
Up to 45 percent by weight of drag loading was achieved by dissolving the drag in 
the same organic solvent that dissolved the copolymer. Although drag loading is high 
using this method, the drag must be dissolved in an organic solvent. 

Recently, principles for isolating and purifying proteins from solution by 
sorption into a crosslinked polymer gel phase have been derived, the sorption driven 
by addition of a substantially immiscible, second polymer phase to the protein solution 
(see, for example, Gehrice et al. Biotechnol. Progr. 7:355, 1991, incorporated herein 
by reference). Tliis method, also called "solution-controlled gel sorption", is based in 
part on the discovery that the general piincq>les of two-phase aqueous extraction used 
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for purifying piotdns can be extended to be used in which one of the phases is a 
crosslinked gel. In two-phase aqueous ntraction m^hods of piotein purification, a 
protein is made to paitition selectively into one of two immiscible aqueous polymer 
sohition phases which are in contact with each other. 
S In paiticular, high loadings of biologically active compounds into gels may be 

obtained with solution controlled gel soiption using a second, loading polymer phase. 
In the presence of a salt solution, the second loading polymer and salt have a 
synergistic effect which causes paititioning and soiption (exceeding 20 % by weight) 
of the conqxiund into the polymer gd. The second loading polymer need not be a gel 

10 but is most prefeiably soluble in the same solvent that is the gel's solvent. 

Solution-controlled gel soipdon is utilized in the Bxamples presrated her^ for 
loading a solute into a crosslinked gel. The partitioning bdiavior is governed by 
properties such as molecular weight of the polymers, the type and concentration of 
salts and the relative hydrophobichy/hydnq)hilicity of the solute. Differences in the 

15 various interaction energies betwem the solute and the different polymers leads to a 

partition coeffidrat (concentration of sohite in the gel/concentration of the solute in 
the second loading polymer) greater than one (i.e. preferential loading by the gel) or 
less than one (i.e. prefimntial loading by the second loading polymer). 

The goieral method used for solute loading into a crosslinked gel phase is 

20 briefly as follows: 

Crosslinked gels are pre-equilibrated with solute-free, loading polymer 
solutions. The equilibrated gels are then sqiarated from the loading polymer solution. 
To each gel, a solution with the same loading polymer concentration as the pre* 
swelling solution but including a solute and a salt is added. The tube is then agitated 

25 to mix gel and salt/solute solution. Equilibrium is reached in less than 15 minutes 

(see Gehrioe et al., 1991, supra), and the gel separated from the remaining solution. 
The solute concentration in the second, loading polymer phase may be determined by 
a variety of m^ods, dcpmding upon the solute of interest. For spectrophotometric 
assays, light absorbance is measured at 280 nm for protdns; at 630 nm for blue 

30 dextran; and at 520 nm for Vitamin B12 with a UV/VIS spectrophotom^r. The 

concntration of solute in the gel phase is determined by a mass balance. 
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Cellulose ethers are advantageous for loading by this m^od. Because the 
degree of substitution of the anhydroglucose unit has a great effect on the degree of 
hydrophilicity, cellulose ethers differ in their hyditq)hilic nature. There are a number 
of immiscible polymer gels that arc mainly water and that are close to each other on a 
spectrum of relative hydtophobicity-hydrophilicity. This means that phase systems 
formed by these polymers, including cellulose ethers, can be expected to be selective 
in separating substances which thmselves are mainly water; that is substances that fall 
within the same part of the solvent spectrum. Examples are particles and 
macromolecules of biological origin. Aqueous solutions of the following polymers are 
mutually immiscible and are ranked in order of increasing hydrophobicity: dextnm 
sul£ate, carboxymethyl dextian, dextran, hydroxypropyldextran, m^ylcellulose, 
hydroxyprppylcellulose, polyvinylalcohol, polyethylene glycol and polypropylme 
glycol. 

Solute is recovered from the loaded polymer as follows: Solute is chosen to 
have a veiy low pattition coefficient in pure buffer, laddi^ any polymer. The solute 
contained in the loaded gel after the partitioning experiment is recovered by adding 
pure buffer lacking any to the loaded gd. The gel is separated by centrifugation from 
any supeniatant and the concCTtraticm of the solute in the supernatant measured using 
a spectrophotometer. This procedure is tq)eated until the solute concentration in the 

supernatant is negligible. 

With a reversibly responsive gel, solute recovery can be accomplished by 
causing the gel to undergo to volumetric collapse using established methods (see, for 
example, Cussler U.S. Patent 4,555,344, incorporated herein by reference). 

m Biologicallv Active Compounds 

The biologically active compounds that may be loaded into the polymer 
networks of the present invention are any substance having biological activity, 
including proteins, polypeptides, polynucleotides, nucleoproteins, polysaccharides, 
glycoproteins, lipc^roteins, and synthetic and biologically engineered analogs thereof. 

Examples of biologically active compounds that might be utilized in a delivery 
application of the invention include literally any hydrophilic or hydrophobic 
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biologically active compound. Preferably, though not necessarily, the drug is one that 
has already been deemed safe and effective for use by the appropriate govemmratal 
agency or body. For example, dnigs for human use listed by the FDA under 21 
C.F.R. 330.5, 331 through 361; 440-460; drugs for vaerinary use listed by the FDA 
S under 21 C.F.R. S0O-S82, incorporated herein by reference, are all considered 

accqytable for use in the present novel polymer networks. 

Drugs that are not themselves liquid at body temperature can be incorporated 
into polymers, particularly gels. Moreover, pqitides and protdns which may 
normaOy be lysed by tissue-activated enzymes such as peptidases, can be passively 

10 protected in gels as well. 

The term "biologicaUy active compound" includes pharmacologically active 
substances that produce a local or systemic effect in animals, plants, or viruses. The 
term thus means any substance intmded for use in the diagnosis, cure, mitigation, 
treatment or prevention of disease or in the enhancem«t of desirable physical or 

IS mental development and conditions in an animal, plant, or vims. The term "animal" 

used herem is taken to mean mammals, such as primates, inchiding humans, sheq), 
horses, cattie, pigs, dogs, cats, rats, mice; birds; reptiles; fish; insects; arachnids; 
protists (e.g. protozoa); and prokaryotic bacteria. The tern "plant" means higher 
plants (angiospenns, gymnosperms), fiingi, and prokaryotic blue-grera "algae" ( i.e. 

20 cyanobacteria). 

The biologically active compound may be any substance having biological 
activity, including proteins, polypq>tides, polynucleotides, nucleoproteins, 
polysaccharides, glycoproteins, Iqx^roteins, and synthetic and biologically engineered 
analogs thereof. The term "protein" is art-recognized and for puiposes of this 

25 invention also mcompasses peptides. The proteins or pq)tides may be any 

biologically active protein or pqf>tide, naturally occurring or synthetic. 

Examples of proteins include antibodies, enzymes, steroids, growth hormone 
and growth hormone-releasing hormone, gonadotrq^in-releasing hormone, and its 
agonist and antagonist analogues, somatostatin and its analogues, gonadotropins such 

30 as luteinizing hormone and follicle-stimulating hormone, pqitide-T, thyrocalcitonin, 

parathyroid hormone, glucagon, vasopressin, oxytocin, angiotensin I and n, 
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biadykmin, kallidin, adrenocorticotropic lionnone, thyroid stimulating hormone, 
insulin, glucagon and the numerous analogues and congeners of the foregoing 
molecules. 

Classes of biologically active compounds which can be loaded into crosslinked 
gels using the methods of this invention include, but are not limited to, anti-AIDS 
substances, anti-cancer substances, antibiotics, immunosuppressants (e.g. 
cyclosporine) anti-viral substances, enzyme inhibitors, n^irotoxins, opioids, 
hypnotics, antihistamines, lubricants tranquilizers, anti-convulsants, muscle relaxants 
and anti-Paildnson substances, anti-spasmodics and muscle contractants, miotics and 
anti-cholineigics, anti-glauooma compounds, anti-parasite and/or anti-protozoal 
compounds, anti-hypertosives, analgesics, anti-pyretics and anti-inflammatory agents 
such as NSAIDs, local anesth^s, ophthalmics, prostaglandins, anti-dq>ressants, 
anti-psychotic substances, anti-emetics, imaging agats, specific targeting agents, 
neu]x>transmitters, proteins, cell reqxmse modifiers, and vaccines. 

A more complete listing of classes of compounds suitable for loading into 
polymers using the presrat methods may be found in the Phamazeudsche Wirksioffe 
(Von Kleemann et al* (eds) Stuttgart/New York, 1987, incorporated herein by 
reference). Examples of particular biologically active substances are presented below: 

Anti-AIDS substances are substances used to treat or prevrat Autoimmune Deficiency 
Syndrome (AIDS). Examples of such substances include CD4, 
3'-azido-3*-deoxythymidine (AZT), 9-(2-hydroxyethoxymrthyl)-guanine acyclovirQ, 
phosphonoformic acid, 1-adamantanamine, pq)tide T, and 2\3' dideoxycytidine. 

Anti-cancey }^ i \? ffft ances are substances used to treat or prevent cancer. Examples of 
such substances include methotrexate, cisplatin, prednisone, hydroxyprogesterone, 
medroxyprogesterone acetate, megestrol acetate, diethylstilbestrol, testosterone 
propionate, fluoxymesterone, vinblastine, vincristine, vindesine, daunorubicin, 
doxonibicin, hydroxyurea, procarbazine, aminoglutethimide, mechlorethamine, 
cyclophosphamide, melphalan, uracil mustard, chlorambucil, busulfan, cannustine, 
lomusline, dacarbazine (DTIC: dimethyltriazenomidazolecarboxamide), methotrexate. 
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flucmniracil, S*fluoiouiacil, cytaiabine, cytosine arabinoxide, oieicaptqnirine, 
6-iiieicaptc^piiriiie, tbioguanine. 

Antibiotics aie ait lecognized and aie substanoes which uhibit the growth of or kill 
inicn)orgai]i5ms. Antibiotics can be produced synthetically or by mioooiganisms. 
Examples of antibiotics include praidllin, tetracycline, chloramphenicol minocyclme, 
doxycycline, vanomycin, bacitracin, kanamycin, neomycin, gentamycin, eiythromicin 
and cq)halosporins. 

Anti-viral agents are substances capMe of destroying or suppressing the rq)lication of 
viruses. Examples of anti-viral agats include a-m^yl-P-adamantane methyhunine, 
lrD-ribofuranosyl-l,2,4-tiiazole-3 carboxamide, 9-[2-hydroxy-€tiioxy]mediylguanine, 
ariaman tanflffninft ^ 5-iodo-2*-deoxyuridine, tfifluorothymidine, int^eron, and adenine 
aiabinoside. 

Enzyme inhibitors are substances which inhibit an CTzymatic reaction. Examples of 
enzyme inhibitors include edrophonium chloride, N-methylphysostigmine, neostigmine 
bromide, physostigmine sulfate, tacrine HCX, tacrine,! -hydroxy maleate, 
iodotubercidin, p-bromotetramisole, 10-(alpha-di^ylaminopropionyl)- phenothiazine 
hydnx^hloride, calmidazolium chloride, hemicholinium-3, 3,S-dinitrocatechol, 
diacylglycerol kinase inhibitor I, diacylglycerol kinase inhibitor n, 
B-phenylpropargylaniine, N^-monomethyl-L-arginine ac^te, carbidopa, 
3-hydroxybenzylhydrazine HCl, hydralazine HCl, clorgyline HCl, dqirenyl HC1,L(-)-, 
dqjrenyl HC1,D(+)-, hydroxylamine HCl, iproniazid phosphate, 
6-MeOtetrahydro-9H-pyrido-indole, nialamide, pargyline HCl, quinacrine HCl, 
semicarbazide HCl, tranylcypromine HCl, N,N-diethylaminoeUiyl-2,2-dq>henylvalerate 
hydrochloride, 3-isobutyl-l-methylxanthne, pa^verine HCl, indom^hacind, 
2-cyclooctyl-2-hydroxyettiylamine hydrochloride, 2,3-dichloro-a-meUiylbenzylamine 
(DCMB), 8,9-dichlon>-2,3,4,S-tetrahydn>-lH-2-bazazepme hydrochloride, 
p-aminoglutethimide, p-aminoglutethimide taitrate,R(+)-, p-aminoglutetiumide 
tartrate,S(-)-, 3-iodotyrosine, alpha-mcthyltyrosine,L-, alpha -mettiyltyrosine,D L-, 
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acetazolamide, dicbloiphenamide, 6-bydioxy-2-baizotbiazolesulfoiiamide, and 
allopurinol. 

Neiiminxing aie substances which have a toxic effect on the nervous system, e.g. 
nerve cells. Neurotoxins inchide adiei^c neurotoxins, cholineigic neurotoxins, 
dopaminergic neurotoxins, and other neurotoxins. Examples of adrenergic 
neurotoxins inchide N-(2-ddorocthyl)-N-ethyl-2-bromobaizylaniine hydrochloride. 
Examples of cholineigic neurotoxins include acetylethykhoUne mustard hydrochloride. 
Examples of d(q»mineigic neurotoxins inchide S-hydroxydopamine HBr, 
l-methyl-4-(2-methy^>hHiyl)-l ,2,3,6- tetcahydro-pyiidine hydrochloride, 
l-methyl-4-phenyl-2,3- dilqrdropyridinium perchlorate, N-niefliyl-4-phHiyl-l,2,5,6- 
tetrahydropyiidine HCl, l-methyl-4-phaiylpyridinium iodide. 
Opioids are substances having <q>iatB like effects that are not derived from opium. 
Qinoids include opioid agonists and opioid antagonists. Opioid agonists include 
codnne sulfide, fentanyl catrate, hydrocodone bitartrate, loperamide HCl, moipbine 
sulfide, noscapine, noioodeine, normoiphine, thebaine. Opioid antagonists include 
nor-binaltoiphimine HCl, buprenoiphine, chlornaltrexamine 2Ha, fiinaltrexamione 
HCl, nalbuphine HCl, naloiphine HCl, naloxone HCl, naloxonazine, naltrexone HCl, 
and naltrindole HQ. 

Hvpnotics are substances which produce a hypnotic effect. Hypnotics inchide 
pentobarbital sodium, phenobaibital, secobarbital, thiopental and mixmies, thoeof, 
heterocyclic hypnotics, dioxopiperidines, glutarimides, diediyl isovaleramide, 
a-bromoisovaleiyl urea, urethanes and disulfanes. 

Anrihistamines are substances which competitively inhibit the effects of histamines. 
Examples include pyrilamine, chlorpheniramine, tetiahydrazoline, and the like. 

Lubricants ate substances that increase the lubricity of the environment into which 
they are ddiveied. Examples of biologically active hibticants inchide water and 
saline. 
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'rrnnOTi1i7<gfS aie substances which provide a tianquilizing effect. Examples of 
tranquilizers include chloippromazine, promazine, fluphenzaine, leseipine, 
deseipidine, and mq)robamate. 



S An^-cnnv^|ant8 aie substanoes which have an effect of preventing, reducing, or 

eliminating convulsions. Exanq)les of such agents include primidone, phmytoin, 
valproate, Chk and ethosuximide. 



Muscte relfHMBtS and anti-Paridnson agents are ag»ts which relax muscles or reduce 
10 or eliminate symptoms associated with Faridnson's disease. Examples of such agrats 

include mephenesin, methocaibomal, cyclobenzaprine hydrochloride, trih«y^henidyl 
hydrochloride, levodopa/caibidopa, and bqieriden. 

Anti'spasmodics and muscle contractants are substances capable of prevmting of 
15 relieving muscle spasms or contractions. Examples of such agents include atropine, 

scopolamine, oxyphmonium, and papavrane. 



Miotics and anti-cholinergics are compounds which cause bronchodilatimi. Examples 
include echotlm^hate, pilocaipine, physostigmine salicylate, 
20 diisopropylfluonq)hosphate, epinephrine, neostigmine, cari>achol, methacholine, 

bethanechol, and the like. 



Anti-glaucoma compounds include betaxalol, pilocaipine, timolol, timolol salts, and 
combinations of timolol, and/or its salts, with pilocaipine. 

Anti-parasitic, -protozoal and -fiinpJs include ivermectin, pyrimethamine, 
trisulf)q)yrimidine, clindamycin, amphotericin B, nystatin, flucytosine, natamycin, and 
miconazole. 
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Anti^hvpertensives are substances c^ble of counteracdng high blood pressure. 
Examples of such substances include alpha-methyldopa and the pivaloyloxyethyl ester 
of a4>ba-methyldopa. 

Analgesics are substances capable of prevmting, reducing, or relieving pain. 
Examples of analgesics include morphine sulfate, codeine sulfate, mq)eridine, and 
nalorphine. 

Aitti>pvictics are substances capable of relieving or reducing fever and 
anti-inflanm&atory agents are substances cq>able of counteracting or suppressing 
inflammation. Examples of such agents include aspirin (salicylic acid), indomethacin, 
sodium indomethacin trihydrate, salicylamide, nq>roxen, colchicme, fenqprofm, 
sulindac, diflunisal, diclofenac, indoprofen and sodium salicylamiite. 

Local anesthetics are substances which have an anesthetic effect in a localized region. 
Examples of such anesthetics include procaine, lidocain, tetracaine and dibucaine. 

Qphthalmics include diagnostic agents such as sodium fluorescein, rose bengal, 
methacholine, adrenaline, cocaine, and atropine. Ophthalmic surgical additives 
include alpha-chymotrypsin and hyaluronidase. 

Prostaglandins are art recognized and are a class of naturally occurring chemically 
related, long-chain hydroxy fatty acids thai have a variety of biological effects. 

Anti-depressants are substances capable of preventing or relieving depression. 
Examples of anti-depressants include imipramine, amitr^>tyline, nortriptyline, 
protriptyline, desipramine, amoxapine, doxepin, maprotiline, tranylcypromine, 
phenelzine, and isocarboxazide. 

Anti>psvchotic substances are substances which modify psychotic behavior. Examples 
of such agents include phenothiazines, butyrq>henones and thioxanthenes. 
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Anti-emeries aiB substances which prevent or alleviate nausea or vomiting. An 
example of such a substance includes dramamine. 



Imaging agents aie agents cipd}le of imaging a desired site, e.g. tumor, in vivo. 
Examples of imaging agoits include substances having a label which is d^ectable in 
vivo, e.g. antibodies attached to fluorescmt labels. The tenn antibody includes whole 
antibodies or fragments thoeof . 

Specific targeting ag ents include agents capable of ddiv^ing a theRq)eutic agent to a 
desired site, e.g. tumor, and providing a therapeutic effect Examples of targeting 
agents include agents which can cany toxins or oth^ agrats which provide beneficial 
effects. The targeting agent can be an antibody linked to a toxin, e.g. ricin A or an 
antibody linked to a dnig. 

Neurotransmitters are substances which are released from a neuron on excitation and 
travel to dther inhibit or odte a taiget ceU. Examples of neurotransmitters include 
dopamine, serotonin, q-aminobutyric acid, norq>inq>hrine, histamine, acetylcholine, 
and q)inephrine. 

Cell response modifiers are chemotactic factors such as platelet-derived growth factor 
(PDGF). Other chemotactic factors include neutrophil-activating protein, monocyte 
chemoattractant protein, macrophage-inflammatory protein, platelet factor, platelet 
basic protein, and melanoma growth stimulating activity; q)idennal growth factor, 
transfonning growth factor (alpha), fibroblast growth factor, platelet-derived 
endothelial cell growth factor, insulin-like growth factor, nerve growth factor, and 
bone growth/caitilage-inducing factor (a^ha and beta), or other bone moiphogenetic 
protein. 

Other cell reqxinse modifiers are the interleukins, interieukin inhibitors or 
interieukin recq)tors, including interieukin 1 through interl^ikin 10; interferons, 
including al^ha, beta and gamma; hematcqx)ietic fiictors, including eiythropoi^, 
granulocyte colony stimulating factor, macrophage colony stimulating factor and 
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gninulocyte-macropbage colony sdmulatiiig fector, tumor necrosis factors, including 
a^ba and beta; tnnsfonning growth factors (beta), including beta-1, beta-2, beta-3, 
inhibin, and activin; and bone moiphogenetic proteins. 

TTri1iri«:A?nmnHlations 

Polymer networks of the present invention have a wide variety of uses. A 
number of applications for the leqxmsive gels <rf the invention are listed in Gel 
Science, Inc. brochures "Gd Sciences, the leader in Engineered Response Gels", 
G001-2/94-10M; "Separations", S001-2/94-l(IM, and "CantroUed Release", CROOl- 
2/94-lOM, which are incorporated herein by reference. These applications incUide: 1) 
Separations, or reduction in the solvent level, of water or reduction in the water level 
of a number of products including protein, food protran, other food compcmaits; 2) 
Medical, pharmaceutical and diagnostic qjplications including electrophoresis, 
iontophoresis, free drug assay, spinal fluid diagnostics, assay, blood 
ultiacentrifugation, cdl culturing, wound dressing, exudate absorption and bacterial 
indicators; and 3) Toys, in which the toy needs to be Uolo^cally inert and safe. 
Exemplary applications and/or formulations of the polymer gd networks of the 
present invention are discussed below: 

A. Separation of a Solvent from a Solute 

In food separations or pharmaceuticals, responsive gels of the present invention 
may be used to selectively incorporate a solvent from a solute or separate a protein 
(or a drug or other solute) from a solution. The polymer networks of the invention 
are thus generally applicable to any process of selectively excluding a solute from a 
solvent by selectively incorporating the solvent. The term "selectively incorporating" 
refers to procedures whereby aU, or a portion, of a low molecular weight solvent (e.g. 
water) is selectively removed by a polymer network from a solution of a higher 
molecular weight solute (e.g. synthetic or natural polymers, organic compounds, 
proteuis, suspended particles and the like). The teim "high molecular weight solute" 
refers to solutes having a molecular weight of at least about 250. Solvent/solute 
systems that may be utilized in the present invention include systons in which solute 
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is dissolved and those in which solute is diqiersed or suspoided in solution. The 
polymer gel network does not necessarily incoxporate the solute if the sohite is laige 
CTough. The fluid lemaining after sorption is concentrated with solute and may be 
r»noved. 

S A preferred sq>axations process functions by first contacting a soWrat and 

solute with a polymer gel networic of the invention capable of selective incoiporation 
of the solvent. The gel physically eiqxmds as the ratire gel, or a soiptive component 
thereof , accumulates solvrat within the interior of the gel. At least pait of the solvent 
is thereby incoipoiated by the gel, but solute is excluded from entering the gel. After 

10 eqxuision of the gel, the concentrated solute external to the swollen gel is sqiarated 

from the swollen gel by centrifugation, filtration, or other convCTtional methods. Hie 
expanded gel may be discarded. The gel may also be coUapsed such that solvent is 
released. This "regeneration" stq> is preferred so that the solvent-incoiporating 
polymer gel is r^umed to a condition where it is again available to selectively 

15 accumulate solvent (see, for example, Cussler U.S. Patdnt 4,555,344, incoiporated 

herein by reference). 

Polymer gels used in this method may be expanded by either (i) contacting a 
gel with a solvent containing a solute and allowing the gel to non-reversibly swell and 
selectively incorporate the solvent; (ii) initiating a reversible volumetric expansion of 

20 the gel to selectively incorporate solvent by triggering the expansion with a stimulus; 

or (iii) a combination of (i) and (ii). Expansion is particularly advantageous and 
energy efficient for initiating selective incorporation when a convenient environmental 
trigger is available. Soivrat incorporated by polymer 

gels can preferably be disgorged by initiating a volumetric gd oollq>se. In preferred 

25 embodiments of the invention, therefore, a solvent-containing polymer gel of the 

invention is challraged with an environmental diange (e.g. pH; see Example 1), and 
the environmental change affects the gel by causing the entire gel, or a component 
thereof, to undergo a collapse. The collq>sed polymer gel can then be sq>arated from 
the disgorged solvent by, for mmple, filtration and/or cratrifugation. Reversible 

30 collq)se of the polymer gels is particularly useful for regenerating the gel because, 

after the polymer gel is collapsed, it may be K-expamkd. The solvent released 
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during this legeneration may be recycled ftom the system or dischaiged as waste 
solvent. 

B. SqKiratum of a Solute firm a Solvent 

In an analogous manner, responsive gds of the presoit invention may be used 
to sdectivdy incoiporBte a solute from a solvoit to sqniate a protein (or a drag or 
other sohite) ftom a solution. The polymer netwoiks of the invention are ttms 
generally applicable to any process of selectively exchiding a solute ftom a solvent by 
selectivdy incoiporating the sohite. A preferred sqNtrations process functions by first 
contacting a solvent and sohite with a polymer gel network of the invention capable of 
selective incQipoiation of the sohite. Typically, the gd will contain an immobilized 
ligand that will form a binding pair with the sohite of choice. The gel physically 
ejqnnds as the entire gel, or a soiptive component thereof, accumulates and bu^ 
solute withm the interior of the gel. At least part of the solute isthraeby 
incoiporated by the gel. After expansion of the gd, the concentrated solvent extenal 
to the swollen gel is separated firon the swollen gel by cmtriftigation, filtration, or 
other convmtional methods. 

i. Lq)id Scavenging 
In one particular method of interest, ligands that scavenge Iqnds are attached to 
KATP gels of the invention and are used to reduce the level of undesirable lq)ids 
present in the gastrointestinal tract of an animal. KATP ceUulose ethers containing 
multiple reactive hydroxyl groups are particuhrly suitable for this purpose since the 
Ugands may be bound thereto via stable ether linkages. Ugands for scavenging lipids 
are gnierally hydrophobic, cq}able of bemg attached to the polymer gel and may 
range from 1 to about 50% of Ugand groups relative to the polymer. They are 
exemplified by straight chain aliphatics between C„ and Cj4, as weU as cholesterol 
itself. Hydroxyl groups of ligands may be converted to qwxy groups for reaction 
with KATP cdlulose ethw polymers of the invention. Dqwnding on the particular 
ligand chosen, lq)ids whu^ can be removed indude cholesterol, cholesterol esters, 
steroids, fat soluble drugs, fatty acids and fetty acid estras (see, for example, 
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Nightingale et al. Future Perspectives of Biomedical Polymers, Dec. 4-6, 1992, Maui, 
HD. 

C. Proteaion of a Compound's Activiiy 

In another m^hod of interest, immobilization and protection of a catalyst such 
as an enzyme within a responsive KATP gel enables the immobilized enzyme to be 
active and effective in enviionmratal conditions in which the gel is expanded (see 
Example 1). Changing the envirrament (e.g. lowering pH) shrinks the gel and 
inactivates the mzyme by shutting off accessibility of the reactants in the solution to 
the catalyst. 

D. Delivery of a Compound imo an Environment 

The polymer gel networks of the present invention can be used to deliver a 
compound (e.g. a dnig) into an environment. 

Drag delivery from acrylate-based hydrogels has been described by Kou et al. 
(J. Control Release 12:241, 1990). In one embodiment of the present drag delivery 
method, a KATP responsive gel is loaded with a biologically active compound at one 
temperature and induced to undergo a volumetric collapse to disgorge the entrained 
biologically active compound at another temperature. Delivery of the compound may 
be modulated by a temperature higher than the temperature of the gel in its loading 
mode (see, for example, Gutowska et al. J. Control Release 22:95, 1992: using NIPA 
to release hq>arin at high temperature). 

In another embodimoit, a microporous KATP responsive gel is loaded with a 
biologically active compound at one traiperature and induced to undergo a volumetric 
expansion at another traiperature to allow fluid from the environmrat of use (e.g. 
blood, lymph) to enter the expanded gd and biologically active compound to exit the 
expanded gel via diffusion through the pores. In a preferred drag delivery 
embodiment, the gel e}q)ands to rdease a drag during exposure to pH conditions that 
are difTerent than the pH conditions to which it is exposed in the loading mode. 

Polymer gel networks of the present invention can be prqiared in any of a 
variety of different drag-delivery formulations, dq)ending on the mode by which the 
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compound is to be ddiveied. Hie different fonnulations include, but ans not limited 
to, those suitiable for oral delivery, mucosal delivery, nasal deUvery, ocular delivery, 
vaginal deUvery, rectal delivery, dermal delivery (e.g. transdermal deUvery), and 
interaal deUvery. Formulations can be prepared that are suitable for deUvery to 
humans, animals (including mammals, birds, reptiles, fish, insects, and arachnids), or 
plants. Particular examples of such diffiwent formulations are discussed individually 
bdow. Hie descriptions presented below are not intended to be Umiting of the 
present invention, but rather are intended to exempUfy the advantages of the safe 
polymer gel networks of the present invention for use in deUvering compounds to an 
environmoit. 



i. Oral DeUvery Formulations 
Polymer gel compositions of the present invention are particularly useful for 
oral deUvery compositions. For example, polymer gd networks of the present 
invention that are responsive to changes in pH can be utiUzed to effect controlled 
release of compounds at specific locations along the gastro-intestinal tract. Similarly, 
polymer gel networks that are responsive to changes in pH can be utiUzed, for 
example, to effect controUed release of substances into only one of a cow's stomachs. 

Witfiout wishing to be bound by any theory, a ceUulose ether gel such as HPC 
with an LCST near body temperature (e.g. Al" C) should have its U:ST shifted to a 
lower temperature at lower pH. Hus is because veiy few -COOH and/or -OH groups 
are ionized at low pH and the gel would tend to have a reduced hydrophiUcity. At 
higher pH. many -COOH and/or -OH groups will be ionized and die LCST is shifted 
to a higher temperature due to increased hydrophiUcity. Around body temperature, 
the gel is therefore very sensitive to pH change and would be coUapsed at low pH 
(i.e. that of the stomach, where the drug would be retained within the polymer 
network) and expanded at higher pH (i.e. that of the intestine, where the polymer gel 
network would expand and release the drug). A responsive gel may be made from 
starting materials (i.e. cellulose ethers of various configurations) that vary in their 
hydrophobic/hydrophiUc nature when ionized, so that the methods described herein 
may be used to make a reversibly responsive, pH-sensitive gel with an LCST designed 
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to match the body temperaturc of a desired subject. TTie LCST of piefened cellulose 
^hers is well known and can be easily d^ennined and verified. Exemplary LCSTs 
(T) are 49** (MEC); 42^-46^ (HPC); 59" (methyl(hydn)xyprDpyl)cemilose: HPMC); 
60* methyl(hydn)xyethyl)cellulose; and 55'-7(r (cthyl(hydroxyrthyl)celhilose). 

Pdlymer gel compositions that are ieqx)nsive to changes in other 
environmental parameters can also be utilized in controlled release oral delivery 
formulations of the preset invention. Fdr example, polym^* gel networks that are 
responsive to a magnetic or electric fieU can be used to specifically release a 
compound at a desired location or time. One particular application for such a 
composition of the present invention is in the delivery of futility drugs (e.g. 
hormones) to fish. In fisheries, it is desirable for hormones to be administered to all 
finale fish at the same time, so that fratilization can be performed coordinately in a 
single location. The present invention often oral delivery compositions composed of 
reqx>nsive gel networks that, for exanq>le, collq)se in response to the introduction of 
a magnetic field (see, for example, USSN 08/393,971, filed February 24, 199S, 
incorporated herein by refermoe). Fish fertility hormones can be incorporated into 
such compositions, which can thm be admirustered to fish. Once all fish have had a 
chance to ingest the compositions, rdease of the incorporated hormone can be 
coordinately induces by application of a magnetic field. 

Many different formulations that are useful for delivery of biologically acdve 
compounds to humans or ayiimalg are Imown in the art such as, for example, tablets, 
capsules, lozenges, pumps, etc., including osmoticaUy controlled systems (see, for 
example, Theeuwcs Drug Absorption Prescott ^ al. (eds) ADIS Press, 157, 1987; 
EckenhofF et al. U.S. Patent No. 4,539,004; Eckenhoff et al. U.S. Patent No. 
4,474,575). The present invention provides improved versions of each of these oral 
delivery formulations, because utilization of responsive gel polymers allows controlled 
substance release, and also offers protection of substance activity until the point of 
release. 

In one particular oral delivery formulation of the present invention, a coated 
tablet is provided in which a biologically active compound is incorporated within a 
tablet that is substantially coated with a responsive polymer gel network of the present 
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mvention. Such a coaled tablet of the present invention provides for protection of the 
InologicaUy active compound until the point of release, and for release of the 
biologicaUy active compound in response to a predetennined change in environmental 
condition (e.g. pH. magnetic field, electric field, electromagnetic radiation, etc.). 

Present-day controlled release coated tablets rely on differing solubiUties of 
coaling components to regulate release of encapsulated materials. Specifically, 
contiolled-release tablets are available that are coated with a membrane that is 
punctuated with sohible components (see, for example. Healey "Enteric Coatings and 
Delayed Release" in Drug DeUvery to the Gastro-Imestinal Tract Hardy et al. (eds) 
EUis Horwood. Inc.. Ch. 7. 1989). At a certain point, the sohible components 
dissolve and the tabU^ material is release through the resultart pores ^ 
membrane. One disadvantage with this system is that, although release of the 
tabletted material is ddayed. it is not reany -controlled" in the sense that it ca^^^ 
predicted at exacfly what point the sohible ptags will have dissolved. Coated tablets 
of the present invention offer improved controlled release properties. 

Another preferred oral delivery formulation of the present invention utilizes 
responsive polymer gel networio in pumpW delivery systems that are somewhat 
analogous to present-day osmotically-controlled oral ddiveiy systems. Present-day 

osmotically-controlled oral deUveiy systems indude the OROS* and OSMET systems 
from Alza Corporation (Palo Alto. CA; see. for example. Bckenhoff et al. U.S. 
Patent No. 4.474.575; Bckenhoff et al. U.S. Patent No. 4.539.004. each of which is 

incorporated herein by reference). 

Figure 3 presems various embodiments of present-day osmotically-controUed 
oral deUveiy systems. In one embodiment, presented in Figure 5A. one side of the 
osmotic delivery device housing 100 is comprised of a semi-permeable membrane 
110. The side opposite the semi-pemieable membrane 110 has a deUvery orifice 120. 
A moveable partition 130 positioned inside the housing separates a drug compartment 
140 from an osmotic agent compartment 150. When the device is deUvered to a 
subject, the osmotic agent expands and pushes the moveable partition 130 toward tiie 
deUvery orifice 110 so tiial diug located in die drug compartment 140 is pushed out 
through flie delivery orifice 110 and into die subject. 
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The present invention provides a somewhat analogous system, in which the 
osomotic agent is replaced by a crosslinked polymer gel netwoik having a suitable 
KATP. Preferably, the polymer gel n^oik is a re^nsive polymer gel network, 
and dnig is ddivered not by osmotic action, but as a result of the responsive polym^ 
S gel n^oik expanding in refuse to a change in environmntal condition. Such an 

oral ddiv^ device provides advantages over the osmotically-controlled oral delivoy 
devices because it provides increased control ovc^ the timing of dnig deliv^. For 
example, in paiticulaily preferred embodiments, the polymer gel n^oik esqiands in 
response to a change in pH, and the drug is not delivered until the device passes 

10 through the portion of the gastniintestiDal tract in which the qyprppiiate pH is 

achieved. In most preferred embodiments, the polymer gel netwoik comprises a 
crosslinked polysaccharide gel netwoik (e.g. a cellulosic gel network such as those 
described in Examples 1*11). This type of oral delivery system of the present 
invration is particularly useful for delivery of insoluble agents sudi as, for example, 

IS carbamazq>ine, phenytoin, griseofiilvin, cyclosporine, etc.)- 

Another embodunent of a present-day osmotically-controlled oral delivery 
system is presented in Figure 3B. This embodiment is useful for delivery of liquid 
samples. In this embodiment, the housing 100 is comprised of a rigid, semi- 
permeable membrane. The osmotic agent forms a layer 160 inside the housing and 

10 sunounding the drug compartment 140. A flexible, impermeable reservoir wall 170 

lines the drug compartment 140, and sq>arates it from the osmotic agent. A delivery 
tube 180 is positioned inside the drug compartment so that it provides a passageway to 
the external environment, by means of the delivery orifice 110. Whm the device is 
delivered to a subject, the osmotic agent swells so that the volume of the drug 

25 compartment 140 is reduced, and the liquid sample is pushed through the delivery 

tube 170, out the delivery orifice 110. Once again, the present invention provides a 
device that is somewhat analogous to the device dq>icted in Figure 3B, differing in 
that the osomotic agent dq)icted in Figure 3B is replaced by a crosslinked polymer gel 
netwoik having a suitable KATP. 

30 Yet another embodiment of a pres»t-day osmotically-controlled oral delivery 

system is presented in Figure 3C. In this embodiment, the housing 100 is comprised 
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Of a semi-penneable membrane that defines a single compartment 145 with a delivery 
orifice 110. Both the osmotic agent and the rdug are disposed within the compartment 
145. When the device depicted in Figure 3C is delivered to a subject, gastro- 
intestinal juices permeate the compartment 145, so that the osmotic agent is caused to 
sweU. Hie increase in osmotic pressure results in ejqrolsion of the drug through the 
deUvery orifice 110. ite improvement of the provided by the presem invention is the 
use of a safe polymer gel network instead of an osmotic agent. Preferably, a safe, 
enviromnentally responsive, gel network is utilized. Most preferably, the polymer gel 
network comprises a crossliiiked polysaccharide gel networit (e.g. a ceUulosic gel 
network such as those described in Examples 1-11). 

ii. Kbicosal Ddivffl7 Formulations 
Preferred mucosal deBvety systems of the present invention are bioadhesive 
systems utilizing safe polymer gel networics of the present invention. TTie term 
"bioadhesive", as used herein, refers to the preperty, displayed by certain compounds, 
of showing an affinity for biological tissue. Baample 19 describes preferred 
bioadhesive polymer gel networics of the present invention, tiiat can effectively be 
utilized in mucosal deUvery fonmilations to effect controUed drug delivery to mucosal 
tissues. 

ill. Ocular Delivray Formulations 
Many different kinds of ocular preparations incorporating gels, or gelling 
materials, are known in tiie art (see, for example, Davis et al. U.S. Patent No. 
5,192,535; Missel et al. U.S. Patent No. 5.212.162; Joshi et al. U.S. Patent No. 
5,252,318; Viegas et al. U.S. Patent No. 5,300,295; Haslam et al. U.S. Patent No. 
4,474,751; Jani et al. U.S. Patent No. 4,911,920; Katz U.S. Patent No. 4,343,787). 
Hie presem invention pK)vides improved gel compositions for ocular delivery 
applications. For example, the present invention provides sustained deUvery gel 
compositions in which release of a drug incorporated into tiie gel matrix occurs over a 
relatively long period of time (see, for example. Example 12). 
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The piesoil invoitioii also provides ooilar deliveiy fonnulatioiis coinprising 
responsive gel compositioiis, so that deliveiy of a desired substance can be initiated in 
reqxmse to a change in environmental condition. 

Safe polymer gel netwoifcs loaded with a desired biologically active compound 
(e.g. an qyhthahnic diagnostic agent or surgical additive, an anti-glaucomal, anti-viial, 
or anti-microbial compound, a lubricant, etc.) can be incoipofated into contact lenses, 
or other ophthalmic compositions according to methods known in the ait, and can 
subsequntly be brought into contact with the eye of a subject, so that the desired 
biologically active compound is released in a sustained maim^ and/or in response to a 
particular change in environmental condition. 

In a preferred ocular delivery formulation of the presnt invention, a lightly- 
crosslinked safe polymer gel of the presmt invention is utilized as a lacrimator. Such 
a composition has advantages over eye drops that are currently used as lacrimators 
because, by virtue of being lightiy crosslinked, it is more viscous than an eyedrop and 
is not immediately cleared from the eye. Particularly preferred compositions are 
bioadhesive (see, for example. Example 19). 



iv. Vaginal Delivery Formulations 
Safe polymer gel compositions of the present invention can be utilized for 
\0 vaginal delivery of biologically active compounds. 

In one particular vaginal delivery formulation of the presmt invention, a pH- 
responsive polymer gel network loaded with an anti-fungal compounded is prq)ared 
and utilized for treatment of yeast infections. Infection of die vaginal tract with yeast 
results in alkalinization of the mvironmrat. A re^nsive polymer gel network can be 
IS . prqjared according to the princq>les and procedures described herdn to release an 

antifungal compound in response to the increase in pH. As the infection is brought 
under control, the pH is decreased, and the responsive polymer gel netwoik ceases to 
deliver more drug. The present invention provides controlled release compositions 
that are oigineered so that drug is delivered only when it is needed, i.e. when the pH 
(0 is elevated. 
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Another embodiment of a vaginal deBveiy fiwmulation of the present invention 
utilizes a safe polymer gd netwoik to ddiver water to a dehydrated vagina. Post 
menopausal women, and also women who are breast feeding, often suffer from 
vaginal dryness that stems from atrophy of vaginal mucosa as a result of increased 
estipgen levels (see, fbr example. Gass et al. Compr. Tber. 16:3, 1990; Saiazm et 
al. Nurse Piact. 16:30, 1991). Safe polymer gel netwoiks of the present invention 
can be utilized to deliver water to a dry vaginal, either by , for example, simple 
desoiption, or, in the case of compositions utilizing responsive gd netwoiks, in 
response to a predeteimined change in an environmental condition. 

Yet another embodiment of a vaginal deUvery formulation of the present 
invention comprises a safe polymer gel netwoik loaded with a spennicide (and/or a 
viiicide). Such a contraceptive vaginal delivery fonnulation can offer advantages over 
present-day contraceptive devices, because they can be engineered, according to the 
principles and procedures set forth herein, to release the spermicide and/or viricide in 
response to a particular, predetermined, change in environmental condition. 

Still another embodiment of a vaginal deUveiy formulation of the presem 
invention comprises a safe polymer gel netwoik loaded with a vaccine, for example to 
protect against a sexually transmitted disease (e.g. a heipes virus or an 
immunodeficiency virus; see, for example, Mark et al. Science 260:1323, 1993, 
incorporated hoein by refnence). 

V. Rectal Delivery Fonnulations 
Safe polymer gel netwoiks of the present invention can readUy be prepansd in 
suppository fonnulations to allow deUvery of biologically active compounds through 
the rectum. Rectal delivery allows increased bioavailability of deUvered compounds 
(at least in part because the compounds do not encounter degredative enzymes etc. 
found in the gastrointestinal tract), and is particularly useful for deliver of high 
molecular wdght compounds. 

vi. Domal Deliv^ Formulations: 
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Polymer gds of the present invmtira incoiporatiiig, for example, a 
medicament like hyaluronic add, may be iiKOipoiated into a bandage, gauze or other 
conventional wound dressing, to allow dennal delivery of the medicament. For 
example, responsive gels can be incoiporated into a dermal deliv^ foimulation, so 
that, upon activation by an q>prppriate fflvironmoital trigger such as a tanperature 
change or a change in the emrgy of inddent light, the reqmnsive gd collapses and 
disgorges the strained medicament to the wound envinnunoit. If the gel is triggered 
to expand and release the medicament, it may also inooiporate wound »udates during 
the eT^Muision (see, for example, U. S. Patrat 4,659,700, incoiporated hoein by 
reference). 

Polymer gel conqwsitions can also be incoiporated into transdennal devices, 
and, in prefeired embodiments, can be formulated into a novel, bi-layer tiansdeimal 
device. Present-day transdermal devices are tri-layer devices, comprising a backing, a 
reservior (comprising the dnig to be delivered in some sort of matrix), and a 
monbrane. The membrane provides the rate-limiting step in drug delivery, and also 
typically has bioadhesive characteristics so that the transdennal device has an affinity 
for skin. THe transdennal device is positioned on skin so that the membrane is in 
contact with the skin, and the diug is delivered to the skin by passing through the 
membrane. The flux of the drug through the skin (J) is approximated by the 
foUowing equation: 



(Equation 6) J ^ DiC^-C^AK, 

where D is the diffusion coefficient of the diug through the skin, is the 
\S , concentration of drug in the transdennal device, Cuooa concentration of drug in 

the blood, and AX is the thickness of the skin. Because CbM is effectively zero 
bdbre the transdermal device is qiplied, the equation can be simplified to: 



(Equation 7) J - DC^AX, 
10 so that the flux, J, is determined by the concratration of dnig in the device and a 

higher concentration gives higher flux. 
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The present inventioo provides an improved, bi-tayer, transdermal device in 
which the drag is loaded into a polymer gel netwoik, which is appUed to a backing. 
Prefiaably, the polymer gel netwoik is a responsive polymer gel netwoik, and no rate- 
limitiog membrane is required. In particularly prefeired embodiments, the polymer 
gd netwoik is also bioadhesive (see Bxamide 19). 

Polymer gel netwoiks of the present invention can be loaded with very high 
levels (exceeding 20% by weight) of a biologically active compound (i.e. a drug; see 
above and see also USSN 08/276,462, filed July 18, 1994 and incorporated herein by 
reference), in preferred embodiments of the transdermal device of the present 
invention, the polymer gel netwoik is toaded with at least about 20 % by weight of a 
biologicaUy active compound. Such a preferred transdennal device of the present 
invention offers increased flux (relative to current transdermal devices) of biologically 
active compound across the ddn, due to the increased loading of the drug into the 

polymer gel networic. 

lontophoretic devices made of KATP polymers are also within the scope of the 
invention. lontophoretic function of a KATP polymer gel netwoik of the invention 
may convenicntiy be studied in vitro in a commercially available Franz-type transport 
cell. A KATP polymer gel of tiie invention is toaded with a drug according to any 
procedure, preferably tiiose described herein, llie loaded gel is placed in the 
reservoir of a well type electrode. The upper (donor) portion of the cell is separated 
from tiie buffer-fiUed bottom (receptor) portion by a membrane (e.g. porcine ddn or a 
syntiietic membrane). In a typical protocol, current is appUed to Uie anode which 
drives die positively charged drug tiirough die membrane into die receptor solution. 
The amount of drug in die receptor solution is assayed using, for example, HPLC 
(see. for example, U.S. Patent 4,141,359, incorporated herein by reference). 

In preferred lontophoretic devices of die present invention, a biologicaUy active 
compound is loaded into a safe polymer gel netwoik tiiat is responsive to die 
appUcation of an electric field. In particularly prefeired embodiments, deUveiy of die 
drag is coonlinated widi dus volume change (e.g. collapse) of the gel, and die drag is 
not released from die device until exacUy die time dat die electric field is applied to 
encourage the drag through the dermis. 
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vii. Internal Delivery Foxmulations: 

Safe polymer gel compositicms of the presmt invention can also be utilized in 
internal delivery formulations^ for example to allow controlled release of InologicaUy 
active conqxmnds that are desirably administered at r^vlated times. "Internal 
delivery formulations" are those that allow for delivery of a compound within the 
body of a subject, and can include oral delivery formulations, injectable formulations, 
implantable formulations (e.g. transdermals), etc. Internal delivery formulations 
discussed in this section are those that are not specifically addressed dsewheie in the 
present specification. In one example of an internal 

delivery formulation of the presmt invration, conqwsitions are provided that can be 
implanted in the body and activated by an externally-controlled smirce (e.g. a 
magnetic field, an dectric filed, pressure, etc.) to release, for example, a pain-killer, 
only wten it is specifically required. Such compositions can also be used for 
controlled release of compounds that are administered cyclically, at predetermined 
intervals (e.g. insulin, hormones, nitroglycerin, compounds whose administration is 
related to circadian rhythms, etc.). 

Safe polymer gel compositions of the present invention can be utilized to 
deliver any biologically active compound internally. In particularly preferred 
embodimmts, internal vaccine delivery compositions are provided, formulated, for 
example, for delivery by injection or by ingestion. 

viii. Agricultural Delivery Formulations 

Safe polymer gel compositions of the preset invention are also desirably 
prepared in formulations designed for agricultural delivery. One of the problems 
associated with delivery of agricultural products (e.g. fertilize, herbicides, etc.) is 
that many of the compounds utilized pose health hazards to the worters responsible 
for iqjplying them. Incorporation of the hazardous compounds into safe polymer gel 
networks of the present invmtion avoids ensure of handlers to the chemicals. In 
preferred embodimots, the compounds are incorporated mto reqxmsive gel networks, 
and are released in response to a stimulus (e.g. magnetic field, magnetic field, rain, 
sunshine, pH, etc.). 
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ix. Mecfical Instniments 
ElectiDdes and other momtoring iostnuneats may have polymer gels of the 
present invention incorporated within or on the electrode. Hie gel may have materials 
such as Ugands, enzymes, and the like, immobilized in or on the gel network (see, for 
example, U.S. Patent 4,274,420, incorporated herein by refermoe). 

Polymer gels of the present invention can also be incorporated into or onto 
other medical instromoits such as, for example, the t^ (tf a balkxm catheter, a stait, 
an intervertebral disc nucleus, etc. The polymer gel network need not coat the entire 
sur^ of the device. Loading of a drug into, a safe polymer gel network that is 
incorporated into or onto a medical device can protect the activity of the dnig until it 
is deUvered, at the desired time and location. For example, it might be desirable to 
deHver a compound that dissolves blood dots into a dogged artery at the point of 
obstruction. Such a compound can be incorporated into a safe polymer gel network, 
and preferably a responsive polymer gd network and affixed, for example, to the tip 
of the baUoon catheter. When the catheter is in position adjacent the obstruction, 
release of the compound can be triggered by s^lication of the ^ropriate 
environmental stimulus (e.g. heat, light, magnetic field, mechanical force, etc.). 
Alternatively or additionaUy, it might be desirable to introduce an anti-cogulant (e.g. 
heparin) to reduce the likelihood of a thrombolytic event during a surgical procedure. 

Additional advantages associated with coating medical devices with polymer 
gel compositions of the present invention is that tiie polymer gd compositions can 
provide cushioning and or increased lubridty to tiie coated instruments. 

In one embodiment of a coated medical device of tiie present invention, a safe 
polymer gel netwoik of tiw present invention is formed, tinough tiie production of 
"polydectrolyte complexes" on tiie surface of a medical device (see. for example, 
Examples 15-17). A drug can be loaded mto tiie gd by any available method 
including tiiose described herein. Preferably, tiie drug is loaded into the gd when tiie 
gd is sweOed in tiie presence of tiie drug. TTie coated medical device is tiien 
positioned in or on a subject, and tiie drug is deHvered to tiie subject. In some cases, 
tiie safe polymer gd netwoik tiiat is coated on tiie device is a responsive polymer gd 
network, and tiie drug is delivered to tiie subject when tiie gel in response to an 
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enviiDomaital stimulus* In other cases where the safe polymer gel netwoik is a 
lesponsive polym^ gd netwoik, the drag is delivered when the gel netwoik is 
expanded, so that poxes opoi in the gel network and the drag escapes. One of 
ordinaiy ^ViH can readily select an appropriate type of gel, with desired re^nsive 
characteristics, dq)ending on the type of drag to be delivered, the type of environment 
into which the drag is to be ddivered, the length of time over which the drag is to be 
delivmd, etc. 

It is not necessary that the safe polymer gel networics used to coat medical 
devices be rBqx>nsive polymer gel networics. For example, a drag can be loaded into 
a non-reqxmsive polymer gel networic on the sur£ace of a medical device, and can be 
encapsulated therein, so that the drag is maintained within the polym^ gel until the 
encsq>sulation is broken by, for example, mechanical force or other means (see, for 
example, Example 18). 

ix. Cell Culturing Formulations 

Safe, responsive, polymer gel networics of the preset invention can also be 
prepared in cell culturing formulations, for use as a bed material from whidi cultured 
cells are readily released. In current cell-culturing systems, cultured cells are 
typically collected or detached from the material on which they are cultured through 
proteolytic (e.g. with trypsin) or chemical treatment (e.g. with EDTA). Recently, an 
environmentally-responsive ceU culturing material has been described, from which 
cells can be released by inducing colhq)se of a poly(N-isopropylacrylamide) gel (see, 
for example Okano et al. U.S. Patent No. 5,248,766; Okano et al. J. Biomed. Mat. 
Res. 27:1243, 1993; Yamada et al. Makromol. Chem., Rapid Commun. 11:571, 
1990, each of which is incorporated herein by reference). Although this recently- 
rqxirted cell-culturing system is interesting, its usefulness is limited because the gel 
material utilized is poly(N*isopropylacrylamide), a compound with known toxicities to 
animal cells. There is a need for an improved cell culturing matrix that utilizes safe 
polymer gel n^orks. 

The present invention provides exactly such an improved, safe, ceU culturing 
material. Essoitially, a safe polymer gel network of the present invention, and 
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preferably a safe, responsive polymer gel netwoik of the present invention, is 
physically and/or chemicaUy coated on a solid support (e.g. a petri dish, a plate, a 
fiber, etc.). Cells are cultured on the polymer gel material, in the presence of any 
necessaiy and/or desirable nutrients. 

Hie cdl cuhuring material of the present invention can be utilized in either of 
two distinct ways. First of all, cells can be cutaned on a shiunked, or collapsed gel, 
and then can be released fiom the gel when the gel expands (see Okano et al. , Okano 
et al. , and Yamada e al. , supra). For example, in preferred embodiments, the safe 
polymer gel utlized in the cdl culturing system iof the present invention is a respnsive 
gel. In the case where the gel is responsive to temperature (as is the case for HPC 
andHPMC gels, for example), cells are cultuied on the polymer gel netowrit at a 
temperature above the LCST of the networic, so that the networic is collapsed. After a 
period of time, the temperature is decreased to a point below the LCST, so that the 
gel expands and the cells are released. 

In alternate embodiments of the oeU culturing system of the present invention, 
cells are cultured on an expanded re^nsive gel, and cdl rdease is induced by 
triggering collapse of the gd networic in response to the q>propriate environmental 
stimulus (see Okano et al., Okano et al., and Yamada e al., si^ra). 

E. Pharmaceutical (impositions 

Polymer networics and biologically active compounds that are incorporated in, 
or on, the networic may be used in phannaceutically-effective amounts, witii or 
without a compatible carrier. The tenn "carrier" includes any Hquid, gd, fluid, 
ointment, cream, lotion or tiie like, which is suitable for use in, or on a subject and 
which does not interact with the oUier components of the polymer networic in a 
deleterious manner. The term "compatible", as used heidn, means that the 
components of the pharmaceutical compositions are capable of being commingled with 
the polymer networic of tiie present invention, and with each oUier, in a manner such 
that there is no interaction which would substantially reduce tiie pharmaceutical 
efficacy of the pharmaceuticd. A "phannaceutically-effective amount" of a 
biologically active materid or polymer networic containing tiie materid is tiiat amount 
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which produces a result or exeits an influence on the particular condition being 
treated. 

Some examples of substances which can serve as phannaceutically-acoqMable 
carriers are sugars such as lactose, ghicose and sucrose; starches such as com starch 

S and potato starch; ceUulose and its derivatives, such as methylcellulose, 

hydroxypropyl-m^yl-cdhilose, sodium carboxymethylceUulose, ^ylcellulose, 
ceUulose acetate; powdered tragacanth; mah; gelatin; talc; stearic acid; magnesium 
stearate; calcium sulfate; vegetable oUs such a peanut oil, cottonseed oil, sesame oil, 
olive oil, com oil and oil of theobroma; polyols such as propylene glycol, glycerine, 

0 sorbitol, marmitol, and polyethylene glycol; sugar, alginic acid; pyrogm-free water; 

isotonic saline; phosphate buffer solutions; cocoa butter (su|qx)sitory base); 
emulsifiers, sudi as the TWEENs* as well as other non*toxic compatible substances 
used in pharmaceutical formulations. Wetting agents and lubricants sudi as sodium 
lauryl sulfate, as well as coloring agents, flavoring agents, excq)ients, tabl^ting 

S agents, stabilizers, antimicrobials, antioxidants, and preservatives, can also be present. 

Other compatible phannacaitical additives and actives (e.g. NSAID's; pain killers; 
muscle relaxants) may be included in the phannaceutically-accq^le carrier for use 
in the compositions of the present invention. For example, local anesthetics (e.g. 
benzyl alcohol; lidocaine) may be included in the pharmaceutically-acceptable carrier. 

0 Adhesive formulations may also be incorporated into the polymer gels of the 

invention. Exemplary adhesive devices are described in U.S. Patents 3,972,995 and 
4,593,053, incorporated herein by reference. 

The formulations include, but are not limited to, those suitable for oral, 
buccal, rectal, topical, nasal, ophthahnic (for example, see U.S. Patent 2,976,576 to a 

5 contact lens composition, incorporated herein by reference) or parrateral (including 

subcutaneous, intramuscular and intravenous) administration, all of which may be used 
as routes of administration for practicing the present invention. Other suitable routes 
of administration include intrathecal administration directly into spinal fkiid (CSF), 
direct injection onto an arterial surface to prevent re-stmosis, and intraparenchymal 

•0 injection directly into targeted areas of an organ. 
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Fomiuladons of Uw present invention suitable for oral administration may be 
presented as discrete units such as capsules, cachets, tablets or lozenges, each 
containing a predetermined amount of the potentiating agem as a powder or granules; 
as liposomes containing a loaded gd; or as a suspension in an aqueous Uquor or 
non-aqueous liquid sudi as a syrup, an elixir, an emulsion or a draught 

Formulations suitable for parenteral administiation convenientiy may comprise 
a sterile emulsion or a sterile aqueous preparation of tiie active compound, which is 
prefraably isotonic with the blood of the recqnent 

Nasal spray formulations comprise purified aqueous solutions of tiie active 
compound witii preservative agents and isotonic agents. Such formulations are 
preferably adjusted to a pH and isotonic state compatible wiOi flie nasal mucous 
membranes. 

Formuhdions for rectal administration may be presented as a siq^positoty witii 
a suitable carrier such as cocoa butter, or hydrogenated fats or hydrogenated fetty 
caiboxylic acids. 

Ophttiahnic formulations can be prqyared by a similar metiiod to die nasal 
spray, except Uiat tiie pH and isotonic factors are preferably adjusted to match tiiat of 
the eye. 

In addition to tiie aforementioned ingredients, ttie formulations of diis invention 
may further include one or more accessory ingredient(s) selected from diluMts, 
buffers, biocides (e.g. chlorhexidine gluconate, triclosan, povidine-iodine, and die 
lilce), adhesives (e.g. lectin, pectin, fibronectin, and Uie like), flavoring agents, 
binders, anti-microbials, skin permeation enhancers, disint^rants, surface active 
agents, tiiickeners, lubricants, preservatives (including antioxidants), surfactants, and 
the like. 

The pharmaceutical compositions may be in tiie form of a sterile injectable 
aqueous or oleaginous suspension. This suspension may be formulated according to 
known metfiods using tiiose suitable dispersing or wetting agents and suspending 
agems which have been mentioned above. The sterile injectable preparation may also 
be a sterile injectable solution or suspension in a non-toxic parenterally-acceptable 
dUuent or solvent, for example as a solution in 1,3-butane diol. Among tiie 
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acoqytable vehicles and solvents that may be eiiq>loyed are water, Ringer's solution 
and isotonic sodium chloride solution. In addition, sterile, fixed oils are 
convrationally employed as a solvent or suspending medium. For this puipose any 
bland fixed oil may be employed including synthetic mono-OT diglyoerides. In 
5 addition, fatty adds sudi as oleic add find use in the prqxuation of injectibles. 

F. Cosmetic Compositions 

The KATP polymer gels of the presat invention may be fabricated into a 
cosmetic compositions by combining the gd with fragrance or other cosmetic material 

.0 and incoiporate the gel into a cosmetic carrier. The cosmetic carrier may take the 

form of £atty or nonfatty creams, milky suspensions or emulsion-in-oil or oil-in-water 
types, lotions, gels or jellies, colloidal or noncoUoidal aqueous or oily solutions, 
pastes, aerosols, soluble tablets or sticks. GraeraUy, the earner contains from about 
0.001 % to about 10% by weight of the gd of the invention. Pieferced ranges are 

IS about 0.1% to about 10%. 

Cosmic compositions according to the invration may also combined with 
surface active agents of the anionic, cationic or nonionic type, emulsifying agents, 
perfumes, solvents, fats, oUs and mineral wax, fatty adds and derivatives thereof 
alcohols and derivatives tliereof , glycols and derivatives thereof, glycerol and 

10 derivatives thereof, lanolin, beeswax, oleic acid, spermaceti, almond oil, castor oil, 

soibitol and derivatives thereof, tragancanth gum, clay, magnesia, talc, metal 
stearates, chalk, magnesium cartx)nate, and the like. These materials are well-known 
in the cosmetic ait and are discussed, for example, in Rmington's Pharmaceutical 
Science^ McCutcheon*s Detergents^ and Sagarin's Science and Technology of 

IS . Cosmetics, each of which is incoiporated herein by reference. Exmiplaiy cosmetic 

compositions used according to the present invention are given in Example 10. The 
cosmetic compositions used in the method according to the invention may also contain 
agents such as antibiotics, anti-inflammatories or anesthetics such as caibCTicillin, 
chloramphenicol, gratamicin, penicillin G, polymyxin B, sir^tomydn, sulfacetamide, 

30 trifluridine, acyclovir, sulfadiazine, corticosteroids, nystatin, and miconazole. 
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Tlie cosmetic compositioiis of the present invention may all contain various 
pieseivatives such as, butylated hydioxytohiene, methionine, cysteine, ascotbic acid, 
catalase, siq)eioxide dismutase, glutathione, paiabens and the like. 

The invmtion will now be illustrated with the following, non-limiting 
examples. 

DC. Examples 

EXAMPLE 1: Preparation of pH and Temperature Sensitive HydioxypropylceUulose 
Gel with Adqx>yl Chloride Reagent 

ExacUy 50 mL of N-mrthyl pyrolidone (Fisher Scientific, Catalog No. 03688- 
4) was added to 5 grams of hydioxypropylcellulose (Aqualon, Klucel 99-EF NF)- 
The two mateiials were mixed on a magnetic stirrer for about 2 hours, while covered, 
to achieve a clear and colorless solution. This solution was thai placed in a 
refrigerator for about 1 hour in order to achieve a solution temperature of 4-8T. To 
this solution, while stirring, 1 mL of cold (2-8^C) adipoyl chloride (Aldrich, Cat. No. 

16,521-2) was ackled, and the resulting solution allowed to stir for 1 minute. 

A microc29)illary ^ipeOG of about 340 fim bore (Fisher Scientific, Cat. No. 21- 

16A-2A) was dropped into the solution. A gel formed in and around the pq)ette in 
about 3 hours. The pipette was then removed from the gel and placed in a vessel 

containing an excess of deionized water (Millqx)re Alpha-(3). After about 8 hours the 

water was decanted off, and the vessel filled with methanol (ACS grade). The pipette 

containing the gel was allowed to sit in methanol solution for 5 hours. This was 

followed by three more, 5 hour methanol washes. 

The pipette was mounted in an airspace of a small, clear capsule (about 

5cmx4cmx2cm). Temperature of the capsule was regulated by equilibrating it with 

well stirred, temperature controlled water solution. 

A differential thermocouple arrangement permitted the monitoring of 

temperature differences between water and air within the c^sule to about 0.005 deg. 

C* Water temperature within the capsule was measured to about 0.1 deg. C with a 

digital thermocouple (mfg. by Cole-Parmer Scanning Thermocouple Thermometer 

msoo-oo). 
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Two sealed containers were paitiaUy filled with pure, degassed distilled water. 
One container also contained a port to allow addition of add; the second container 
contained a port for addition of base. Use of a single container to generate a wide 
range of pH vahies from acid to lase would lead to formation of neutral salt, which 
S might have induced a volume change in the gel. A series of pH solutions were made, 

as described below, and thn pumped thnnigh the bore of the tube ait a flow rate of 3 
mL/min. 

The diameter of the gel cylinder was observed at each pH and recoided 
through the q)tically clear walls of the csq)sule using a lOX micfoscq)e. Volumetric 
0 ratio changes of the gel with pH were determined by cubing the ratio of the gel string 

diameter to pq)ette bore. 

The pH solution was changed eveiy O.S pH units and maintained to let the gel 
reach equilibrium. Then, the volume of the gel was measured. Water temperatures 
differed by no more than 0.1 °C during the e^qieriments and was maintained at 2S "C. 
S Low pH values were obtained by adding conc«trated hydrochloric acid in 

increasing amounts to the pure, distilled water in one contains. Above the pH value 
for pure, distilled water lacking any acid addition (pH 6), the second container was 
CTiployed and sodium hydroxide (1 N) was added. The pH was controlled by flowing 
diy nitrogen gas slowly through the headrace of each container to maintain a positive 
lO pressure and prevmt entrance of ambient air into the container. The pH was recorded 

continuously in each container by an Orion combination pH electrode (#91-56) 
inmiersed in the solution connected to an Orion #520 pH meter. 

This gel exhibited a volum^c dq)radency on pH illustrated in Figure 1 . 

15 EXAMPLE 2: Prqmation of Hydroxyprppylmethylcellulose Gel with Adipoyl 

Chloride Reagent 

Exactly 50 mL of N-Methyl Pyrolidone (Fisher Scientific, Catalog No. 03688- 
4) was added to 5 grams of hydroxypropylmethyl cellulose (Dow Chemical, Methocel 
ES PREM), and was mixed for 2 hours at 45^C, while covered, to achieve a clear 
to straw-colored solution. This solution was then placed in a refrigerator for 1 hour in 

order to achieve a solution temperature of 4-8^C. To this solution, while stirring, 
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1 mL of cold (2-8^C) adipoyl chloride (Aldrich, Cat. No. 16,521-2) was added, and 
the lesulting sohition was allowed to stir for 1 minute. A gel formed in 12 hours. 
The gel was tiien removed, cut into 1x1x1 cm' cubes, and placed in an excess of 
deionized water (Millipore A%)ha-Q). After 12 hours the water was decanted off, and 
the vessel was filled with an excess of Medianol (ACS grade), and the cubes were 
allowed to sit in methanol solution for 12 hours. This was followed by 3 more 12 
hour washes. The cubes were then dried in a desiccator, and then swollen in 
deionized water. This gel was both pH and temperature sensitive. 

EXAMPLE 3: Pfq)aiation of Starch Gel with Adq>oyl Chloride Reagent 

Exacfly 50 mL of N-Methyl Pyrolidone (Fisher Sdaitific, Catalog No. 03688- 
4) was added to 5 gnuns of Modified Food Staich (National Starch, #6818:77-3), and 
was mixed for 2 hours at 45®C, while covered, to achieve a clear straw-colored 
solution. This solution was then placed in a refrigerator for 1 hour in order to 
achieve a solution temperature of 4-8®C. To this solution, while stirring, 1 mL of 
cold (2-8**C) adipoyl chloride (Aldrich, Cat. No, 16,521-2) was added, and tfie 
resulting solution was allowed to stir for 1 minute. A gel fonned in 12 hours. The 
gel was Uien removed, cut into 1x1x1 cm' cubes, and placed in an excess of ddonized 
water (Millipore A^ha-Q). After 12 hours tiie water was decanted off, and flie vessel 
was fiUed with an excess of methanol (ACS grade), and tiie cubes were allowed to sit 
in metiianol solution for 12 hours. This was followed by 3 more 12 hour washes. 
The cubes were tiien dried in a desiccator, and tiien swollen in deionized water. 

The pH responsiveness of tiiis material was assayed by preparing die identical 
staich gel in pipettes according to the procedures of Example 1 . The pH sensitivity 
was tested using the procedures and apparatus of Example 1 as well. Figure 2 
illustrates the sharp volume transition over a small change in pH (less than 0.5 pH 
units). 

EXAMPLE 4: Prqiaration of pH and Temperature Sensitive HPC Hydrogel 

Exacfly 50 mL of N-Mettiyl Pyrolidone (Fisher Scientific, Catalog No. 03688- 
4) was added to 5 grams of Hydroxypropylcellulose (Aqualon, Klucel 99-EF NF), and 
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was mixed for 2 hours at 4S®C, while covered, to achieve a clear straw-coloied 
solution. This solution was then placed in a refrigerator for 1 hour in order to 
achieve a solution traipoature of 4-8®C. To this solution, while stirring, 1 mL of 
cold (2-8''C) sebacoyl chloride (Aldrich, Cat. No. 13,178-4) was added, and the 

S resulting solution was allowed to sdr for 1 minute. A gel formed in 12 hours. The 

gel was th» removed, cut into 1x1x1 cm^ cubes, and placed in an excess of deionized 
watOT (Millqx>re A^ha-Q). After 12 hours the water was decanted off, and die vessel 
was filled with an excess of m^hanol (ACS grade), and the cubes were allowed to sit 
in methanol solution for 12 hours. This was followed by 3 more 12 hour washes. 

0 The cubes were then dried in a desiccator, and then swollen in deionized water. The 

pH responsiveness of this material was assayed by preparing the idratical gd in 
pq>ettes according to the procedures of Example 1. The pH smsitivity was tested 
using the procedures and qjpaiatus of Example 1 as well. 

5 EXAMPLE S: Prqnration of pH and Temperature Sensitive HPC Hydrogel 

Exactly SO mL of N-M^yl Pyrolidone (Fisher Scientific, Catalog No. 03688- 
4) was added to S grams of hydroxypropylcellulose (Aqualon, Klucel 99-EF NF) and 
was mixed for 2 hours at 4S^C, while covered, to achieve a clear straw-colored 
solution. This solution was then placed in a refrigerator for 1 hour in order to 

0 achieve a solution temperature of 4-8^C. To this solution, while stirring, 1 mL of 

cold (2-8^C) succinyl chloride (Aldrich, Cat. No. S645-2) was added, and the 
resulting solution was allowed to stir for 1 minute. A gel formed in 12 hours. The 
gel was then r^oved, cut into 1x1x1 cm^ cubes, and placed in an excess of deionized 
water (Millipore A^ha-Q). After 12 hours the water was decanted off, and the vessel 

.5 was filled with an excess of methanol (ACS grade), and the cubes were allowed to sit 

in medianol solution for 12 hours. This was followed by 3 more 12 hour washes. 
The cubes were tbsn dried in a desiccator, and then swollen in deionized water. The 
pH responsiveness of this material was assayed by preparing the identical gel in 
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pipettes accoiding to the procedures of Example 1. TTie pH sensitivity was tested 
using the pioceduies and svporatus of Example 1 as wdl. 

EXAMPLE 6: Preparation of Hydroxyethylcellulose Gel with Adipic Acid Reagent 

Exacfly, 45 mL of DMSO (Fisher Scientific, Catalog No. 03688^) was added 
to a distillation flask containing 5 grams of hydroxyethylceUulose (Aqualon, Natrosol 
99-250HBR PA) and 2 grams of adipic acid (Fisher Scientific, Catalog No. A44-500), 
and was mixed for 2 hours, while covered, to achieve a dear coloriesssohition. To 

this sohition, 5 mL of toluene (Fisher Sdentific), sohition was added. This was 
followed by the addition of 500 /iL of a 50* (v/v) sohition of HjSO* in DMSO. Tliis 
sohition was allowed to react under azeotropic distillation (see Haslam Tetrahedron 
36:2409, 1980, incorporated herein by reference). After 12 hours, a gd formed in 
the flask. The gel was then removed, cut into 1x1x1 cm' cubes, and placed in excess 
of deionized water (Milliporc Alphas. After 12 hours the water was decanted off, 
and the vessel was filled with an excess of methanol (ACS grade), and the cubes were 
allowed to sit in methanol solution for 12 hours, lliis was followed by 3 more 12 
hour washes. The cubes were then dried in a desiccator, and then swollen in 
deionized water. This gel is not temperature sensitive but is pH sensitive. 

EXAMPLE 7: Preparation of HydroxyethylceUulose Gel with Citric Acid Reagent 

Exactly 45 mL of DMSO (Fisher Scientific, Catalog No. 03688-4) was added 
to a distillation flask containing 5 grams of hydroxyethylceUulose (Aqualon, Natrosol 
99-250HBR PA) and 2 grams of citric acid (Aldrich Chemical, Cat. No. 25,127-5), 
and was mixed for 2 houre, while covered, to achieve a clear colorless solution. To 
this solution, 5 mL of toluene solution was added, foUowed by the addition of 500 fiL 
of a 50% (v/v) solution of H^SO* in DMSO. TTiis solution was aUowed to react under 
azeotropic distillation (see Haslam Tetrahedron, 36:2409, 1980, above). After 12 
hours, a gel formed in the flask. The gel was then removed, cut into 1x1x1 cm' 
cubes, and placed in an excess of deionized water (MiUipore Alpha-Q). After 12 
hours the water was decanted off , and the vessel was filled with an excess of methanol 
(ACS grade), and the cubes were allowed to sit in methanol solution for 12 hours. 
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Hus was followed by 3 more 12 hour washes. Hie cubes were thm dried in a 
desiccator, and then swollen in deionized water. This gel is pH sensitive. 

EXAMPLES: Piqiaiation of Hydroxy^ylcellulose Gel with 1,2,3,4- 

5 Butanetracaiboxylic Acid Reagent 

Exactly 45 mL of DMSO (Fidi^ Scintific, Catalog No. 03688-4) was added 
to a disdllation flask containing 5 grams of hydroxyethylcellulose (Aqualon, Natrosol 
99-250HBR PA) and 2 grams of 1,2,3,4-butanetracaiboxylic acid (Aldricb Chemical, 
Cat. No. 25,730-3), and was mixed for 2 hours, while covered, to achieve a clear 

0 coloriess solution. To this solution, 500 of a 50% (v/v) solution of H2SO4 in 

DMSO solution was added, followed by the addition of 5 mL of toluene. This 
solution was allowed to react under azeotropic distillation (see Haslam Tetrahedron 
36:2409, 1980). After 12 hours, a gel fonned in the flask. The gel was then 
removed, cut into 1x1x1 cm^ cubes, and placed in an excess of deionized water 

S (Millipore Alpha-Q). After 12 hours the water was decanted off, and the vessel was 

fllled with an excess of methanol (ACS grade), and the cubes were allowed to sit in 
methanol solution for 12 hours. This was followed by 3 more 12 hour washes. The 
cubes were then dried in a desiccator, and then swollen in deionized water. This gel 
is pH sensitive. 

0 

EXAMPLE 9: Preparation of Hydroxyethylcdlulose Gel with 1,10-Decandicaifooxylic 
Acid Reagent 

Exactly 45 mL of DMSO OFisher Sciatific, Catalog No. 03688-4) was added 
to a distillation flask containing 5 grams of hydroxyethylcellulose (Aqualon, Natrosol 

5 99-250HBRPA)and2gramsof 1,10-Decandicaiboxylic Add(AldrichChemi^^ 

Cat. No. DlOO-9), and was mixed for 2 hours, while covered, to achieve a clear 
colorless solution. To this solution, 500 ^aL of a 50% (v/v) solution of H3SO4 in 
DMSO solution was added, followed by the addition of 5 mL of toluene. This solution 
was allowed to react under azeotropic distillation (see Haslam Tetrahedron 36:2409, 

0 1980). After 12 hours, a gel fonned in the flask. The gel was then removed, cut into 

1x1x1 cm' cubes, and placed in an excess of deionized water (Millipore Atpha-(^. 
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After 12 hours the water was decanted df, and the vessel was fUled with an excess of 
methanol (ACS grade), and the cubes were allowed to sit in methanol solution for 12 
houn. This was followed by 3 more 12 hour washes. Hie cubes were then dried in a 
desiccator, and then swollen in deionized water. This gd is pH sensitive. 

EXAMPLE 10: PreiMuation of Hydroxyethylcettulose Gel with Sebacic Add Reagent 
Exactty 45 mL of DMSO (Fisher Scientific, Catalog No. 03688-4) was added 
to a distillation flask containing 5 grams of hydroxyethylceUulose (Aqualon, Natrosol 
99-2SQHBR PA) and 2 grams of sdncic acid (Aldrich Chemical, Cat. No. 28,325-8), 
and was mixed for 2 hours, while covered, to achieve a clear coloiiess solution. To 
this solution, 500 /iL of a 50% (v/v) sohition of HjSO* in DMSO solution was added, 
followed by the addition of 5 mL of tohiene. This sohition was allowed to react 
under azeotiopic distillation (see Haslam Tetrahednm 36:2409, 1980). After 12 
hours, a gel foimed in tiie flaslc. The gel was tiien removed, cut into 1x1x1 cm' 
cubes, and placed in an excess of deionized water (Millqwre A^ha-Q). Aftw 12 
hours tbs water was decanted off, and the vessel was filled witii an excess of meUanol 
(ACS grade), and tiie cubes were allowed to sit in methanol solution for 12 hours. 
This was followed by 3 more 12 hour washes. The cubes were tiien dried in a 
desiccator, and th«i swollen in deionized water. This gel is pH sensitive. 

EXAMPLE 11: Prqwration of Hydroxyetiiylcellulose Gel witii Succinic Add Reagent 

45 mL of DMSO (Fisher Scientific, Catalog No. 03688-4) was added to a 
distillation flask containing 5 grams of hydroxyetiiylceUulose (Aqualon, Nitrosyl 99- 
2S0HBR PA) and 2 grams of succinic acid (Aldrich Chemical, Cat. No. 39,805-5), 
and was mixed for 2 hours, while covered, to achieve a clear colorless solution. To 
tiiis solution, 500 mL of a 50% (v/v) solution of H2SO4 in DMSO solution was added, 
followed by die addition of 5 mL of tohioie. This solution was allowed to react 
under azeotiopic distillation (see Haslam Tetiahedron 36:2409, 1980). After 12 
hours, a gd foimed in tiie flask. The gd was tiien removed, cut into 1x1x1 cm' 
cubes, and placed in an excess of ddonized water (MiUqxne Alpha-Q). After 12 
hours tiK water was decanted off, and flie vessd was filled witii an excess of methanol 
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(ACS giade), and the cubes were allowed to sit in methanol solution for 12 hours. 
This was followed by 3 more 12 hour washes. The cubes were fbsn dried in a 
desiccator, and then swolloi in deionized water. This gel is pH sensitive. 

S EXAMPLE 12: Ptq)aration of Cosmetic Compositicm 

A gel containing a fiagFanoe or an active ingredient according to the present 
invention includes the following materials: 



a) distilled water 65.1%; 
crosslinked KATP hydroxypropylcellulose gel: S.0%; 

0 methylparabra: 0.17%; 

propy^iaraben: 0.03%; and 

b) polyoxethylene (20) soibitan trioleate: 0.3%; 
soiUtan monooleate: 0.15%; 
caprylic/capric acid triglyceride: 2.5%; and 

5 c) distilled water: 20.1%; 

triethanolamine: 0.8%; and 

d) active ingiedirat: 5.0% 



Prq)aration of the gel is carried out as follows: 

For obtaining a), the KATP responsive gel is expanded to incoiporate the 
:0 remaining components. Components of b) are also introduced by e3q)anding the gel. 

The aqueous triethanolamine solution c) is added under stirring; finaUy, composition 
d) is added under stirring. Alternately, the gel is expmkd to incoiporate all the 
remaining componmts c) and d). 

:5 EXAMPLE 13: Loading and Release of Ovalbumin from HPC Gvels 

A series of experiments was performed to test loading and release of 
ovalbumin from HPC gels. 

Synthesis of HPC Disks 

0 A method of gel disc preparation has been described by Antonsen, et al. (K P 

Antonsen et al. Biomat, Art. Cells ft Immob. Biotech 21:1, 1993). The crosslinldng 
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reaction of HPC with adipoyl chloride was perfonned as described in Example 1 . 
After the addition of adipoyl chloride, the mixture was poured into molds consisting 
of two glass plates sqiaiated by a 2-mm thick buna robber spacer. The crosslinking 
was allowed to proceed for 24 hr at room temperature. After the crosslinking 
reaction, the gel sheet was cut into disks 12.5 mm diam^ with a code borer, and 
washed as in Example 1. Hie gels were then desiccant dried and weighed. 
These disks were pH and temperature srasitive. 

EqmUbriwn Loading 

Hie materials used were: 

lufia: KH2P04/Na2P04 (Buffer Salt, pH 6.86, Fisher Scientific, #B78). 

Protein : Ovalbumin Grade H (A5253) Sigma Chemical (St. Louis, MO); 
2.3 mg protein/mL soln. 

Second Polvmer : Polyvinyl Alcohol 87-89% hydrolyzed, Aldrich Chemical 
(36, 317-0) 10% by weight in loading sota. 

Salt : No salt used 

The loading of ovalbumin into tiie gel was performed by equilibrating tiie gd 
in an ovalbumin solution. Ten mL of PVA or ovalbumin/PVA solution wwe added to 
20 mL glass vials into which tiie HPC gels were placed. One gel disc (3.5 mg total 
weight) were placed in each vial. The gels and vials were stored at room temperature 
in a desiccator jar and tiie weights of tiie gels were recorded vs time. A blot and dry 
metiiod was used to weigh the gels. Once a constant weight was obtained, the gels 
were assumed to be equilibrated. Once equilibrated witii ttie ^ropriate solutions, tiie 
gels were removed from solution and placed in a desiccator jar to dry. 

The ovalbumin content was determined by mass balances. The amount of 
ovalbumin absort)ed by tiie gel was assumed to be tiie difference between tfie dry 
loaded gel weight and the initial dry gel weight for gels loaded witii, and witiiout, 
PVA. 

From mass balance calcuUitions, the average percentage loading (n=3) of HPC 
gels with PVA, ovalbumin and buffer was 135.5% +/- 8.1%. The average 
percentage loading (n=3) of HPC gels witiiout PVA was 38.3 % +/- 21.5%. The 
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estimated ovalbumin loaded is the differaice between these numbers, or about 97 %. 
Thus, almost all of the ovalbumin was loaded into the HPC gels. 

Release Kinetics 

S The ovalbumin released from the dry gels was d^ermined as follows: The 

phoq)hate buffer solution was used to leach out the ovalbumin from the ovalbumin- 
loaded gels. Three mL of phosphate buifer was placed in glass vials. At specified 
time intttvals, a defined volume of released solution was removed from the original 
solution. This volume of released sample was placed in a vial. Immediately after the 

0 removal of the released sample, an idmtical volume of fresh phosphate buffer was 

placed back into the original releasing media. Hierefore, a constant volume was 
maintained for the release e3q>eriments. TUs process was continued for approximately 
10 hours of regulated sampling, with samples taken every 20 minutes for the first 2 
hours and thra every hour. This particular technique allowed for assay of total 

S amount of released ovalbumin. 

Release of ovalbumin into phosphate buffer after 24 hr was equal to 8 mg, or 
23 mg/mg dry weight gel. 

EXAMPLE 14: Loading and Release of Amylase from HPC Gels 
:0 The loading of a-amylase into HPC hydrogels was performed by the same 

method as for ovalbumin with the following reagents: 

Buffer KH2P04/Na2P04 (Buffer Salt, pH 6.86, Fisher Scientific, #B78). 
Protein : a*amy]ase, Bacillus subtilis; mol. wt. 48,450; Calbiocbem 1,000,000 
units (cat #171568); 1.37 mg amylase/mL, sohi. 
15 Second Polvmer : PEG-PPG Copolymer (50/50 by weight), Pluronic P105, 

mol. wt. approx. 6,500 (BASF Performance Chemicals), 10% by weight in loading 
soln. 

Salt : KI, ACS grade (Fisher Scientific, Cat. miO), 0.22M. 
Gels were loaded as above and then dried in desiccator at room temperature. 
)0 Hie release of cr-amylase from HPC gels was performed by placing the dried 

gels in 3 mL release buffer (release buffer » 0.005 M KH2PO4, 0.005 M Na3P04, 
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0.01 M CaCy in glass vials. TTiese vials were hand shaken initiaUy and at various 
intervals during release. At timed intervals, the liquid was carefully removed from 
the vials and rq>laced with fresh buffer. 

A bioactivity assay was performed using a Sigma Chemical Assay Kit #577 
(based upon colorimetric measurement of the enzymatic release of p-nitrophenol from 
the substrate 4.6 ethylidene(G,)-p-nitiophenol(G,)-a.D-maltoheptaside). THe 
concentration assay for amylase is run using a UVA^ spectrophotometer (Shimadru 
160U) at 280 nm. 

Hie bioactivity of the a-amylase was detennined at selected intervals, and the 
concentration of the enzyme was assayed at all intervals. 

Characteristic release curves for o-amytase from the HPC gel (not shown) 
revealed a difforion^ntrolled rdease pattern witii release as a fimction of tiie sq^ 
root of time showing a linear relationship, me released enzyme maintained at least 
40% of its original bioactivity over the release interval of 24 hours. 

EXAMPLE 15: Forming a Safe Polymer Gel Networit Comprising Poly«slectrolyte 

Complexes on a Polyafflide Device 

In one embodiment of a coated medical device of tiw present invention a safe 
polymer gel network is formed on tiie surface of a device made from a polyamide 
malerial(e.g. nylon; see Figure 6). The polyamide material is treated with di- or 
multi-functional isocyanate. preferably according to procedures described by Fan 
(U.S. Patent No. 5,091,205, issued February 25, 1992, incorporated herein by 
reference), so that a reactive intermediate (i.e. an intermediate tfiat contains isocyanato 
groups capable of furtiier reaction- e.g. polyurea) is formed on tiie surface of tf»e 
material. Hie material is then treated witii a polycariwxyUc acid (e.g. polyacryUc 
acid, polymethacryUc acid, chondroitin-6-sulfate, etc.) under reaction conditions (see 
Fan, supra), so tiiat tiie surface of tiie material now has a plurality of free caiboxyl 
groups. Hie material is tiien exposed to one or more polycations (e.g. primary 
amines, secondary amines, tertiary amines, polyimines. basic polypeptides, and tiie 
like, including polyetiiyleneimine, polyethylenq)iperazine, collagen), preferably in an 
aqueous solution. Interaction of ti»e polycations with tiie free caiboxylic acid groups 
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on the surface of the material lesuhs in the formation of "polyelectxolyte complexes** 
that comprise a safe polymer gd network of the present invmtion. 

One of ordinary skiU in the art can readily select particular di- or multi* 
functional isocyanates, polycarboxylic acids, and/or polycations so that the resultant 
5 polyelectrolyte complexes form a polymer gel networic that undergoes a volume 

change in refuse to a change in ravinmmental condition (e.g. mechanical force, 
pH, sah concentration/composition, etc.). Environmatally-triggered collapse or 
ocpansion of such polymer gd n^orlcs results in the network becoming less or more 
permeable to drugs. 

0 

EXAMPLE 16: Forming a Safe Polymer Gel Networic Comprising Polyelectrolyte 
Complexes on a Polyethylene Device 

In another onbodiment of a coated medical device of the present inv«tion a 
safe polymer gel n^ork is formed on the surface of a device made from a 

S polyethylene material (e.g. low density polyethyl»e; see Figure S). The material is 

exposed to a polycart)oxylic acid in the presence of irradiation oergy, so that reaction 
betweoi the polycarboxylic add and the polyethylene results in free carboxylic add 
groups extmding from the surface of the polyethylene. For example, we reacted low 
molecular wdght poly^ylene with polyacrylic acid (10-30 w% aq) by exposure to y- 

0 irradiation (e.g. by exposure to ^Co; dose O.S Mrad; dose rate 100 rad/sec) in the 

presence of FeS04(NH4)2S04 (SO mM aq). 

The material is then exposed to a polycation, so that a polyelectrolyte complex 
forms, as described in Example IS. We exposed the above-mentioned modified low 
molecular wdght polyethylene material to poly^yleneimine (10-30 w% aq), so that 

!S polyelectrolyte complexes formed between the carboxylic acid groups on the surface 

of the modified low molecular wdght polyethylene and the polyethyleneimine. 



EXAMPLE 17: Coating a Device with a Safe Polymer Gel Network Comprising 
Polydectrolyte Complexes 
10 In yet another embodiment of a coated medical device of die presrat invention, 

a safe polyelectrolyte complex between a polyacid and a polybase is first fcmned in an 
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aqueoos sohitum, and is subsequentiy coated onto a ponnis support (e.g. nitroceUulose 
acetate, cettulose acetate, polyethylene, polypropylene, teflon, etc.) by, for example, 
casting, precipitation, or impregnation (see Figures 6 and 7). If desired (e.g. for 
increased strength), a polycomplex between a polyacid comprising a polycaiboxyUc 
add and a pdyhase comprising a polyamine can be crosslinked by intennolecular 
amide bonding. 

We have coaled a safe polymer gel comprising a collagen/chondroitin-6-sulfate 
(C6S) polyelectiolyte complex onto a polypropylene membrane by mixing collagen (3 
g/L of 20 XX 1 .5 Mm particles) with C6S (0.2 g/L) for 2-4 hr at pH 7.2 and 4 "C (see 
Figure 7). The mixture was coated on a polypropylene membrane that had bem pre- 
treated with methanol, and the coated membiane was then immersed in CH,COOH 
(50 mM aq) for 1-2 hours, so that a polyelectrolyte collagen/C6S complex precipitated 
onto the membrane. The membrane was then placed on a steel surface which was 
cooled through contact with dry ice, so that the polyelectrolyte complex was frozen 
onto the membiane. Subsequently, the material was lyophilized (0.05 torr. 24 hours, 
room temperature, followed by 105 'C for 24 hours). AMiough it is not necessaiy, 
the material was subsequenfly immersed hi ghitaraldehyde (0.3 w«), in the present of 
aqueous CHjCOOH, at pH 3.5 and room temperalure, for 24 hours. The resultam 
coated membiane was stable over a pH range of about 2 to about 10, and also at high 
ionic strength. Furtheimorc, the crosslinked polymer gel networit was pH-responsive, 
and aUowed regulation of the permeability of the polypropylene membrane (to drags 
and/or other compounds) through controlled expansion or collapse of the gel. 

EXAMPLE 18: Encapsulation of a Biologically Active Compound m a Safe Polymer 
Gel NrtwoA Coated on an Angioplasty Balloon 

Angioplasty balloons are typically made of nylon, or another polyamide 
material. In one embodiment of a coated medical device of the present invention, 
such an angioplasty balloon is treated with an isocyanate, foUowed by a 
polycaiboxyUc acid, as described m Example 15 and in Fan (U.S. Patent No. 
5,091,205). Angioplasty balloons coated with polyacrylic acid are cunentty available 
from Boston Scientific (Boston, MA). The coated baUoon then immersed 
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in an aqueous solution of poly(elhytoie glycol) (PEG) poly(ediy]raeoxide) at pH ^ 
3.2. Due to hydiqgra bond fonnation between electron defied 
and electron-donating ether gioiips of PEG, a PEG/polyadd polymer gel netwoik 
fonns on the surface of the balloon. Of course, as would be appatoit to one of 

5 ordinary skill in the ait, other proton acceptor polymers (e.g. polypropylrae glyoool, 

polypropylene oxide, poly (N,N-dim^ylactylamide)), or combinations thereof, could 
be used, provided that the final polymer gel netwoik has an appropriate KATP. 

In particularly prrfened onbodiments of the coated angioplasty balloon of the 
piesrat invention, the polyacid-coated balloon is contacted with a drug prior to being 

10 immersed in the PEG solution, so that the drug is loaded into the polyadd gel, and in 

subsequentiy trapped thmin by racqisulation with PEG. Whra die angioplasty 
balloon is insnted into a subject and inflated, the mechanical force exited by the 
expanding balloon breaks the PEG encapsulation, so that pores open in the polyacid 
gel, and the drug is released. 

15 

EXAMPLE 19: Bioadhesive Safe Polymer Gel Compositions 

Bioadhesive safe polymer gel compositions of the present invention have been 
formulated from a variety of different polymer starting materials, including Carbopor 
934P (polyacrylic acid: BP Goodrich), Caibopol* 974P (polyacrylic acid; BP 

>0 Goodrich), Noveon* AAl (polycaibophil; BF Goodrich), Natrosol* 250 HHX 

(hydroxyprc^ylm^ylcellulose; Aqualon), Natrosof 250 HHR 
(hydroxypropyhn^ylcellulose; Aqualon), Metiiocel ElOM 
(hydroxypropylmediylcellulose; Dow Pharmaceuticals), Methocel K15M 
(hydroxypropyhnethylcellulose; Dow Pharmaceuticals), and Methocel KIOOM 

25 . (hydroxypropylmethylcellulose; Dow Pharmaceuticals). In each case, the polymer 

was mixed using a mixer set at 800-1200 ipm. Deionized water was added until the 
polymer was solubilized. In some cases (e.g. Methocyl K4M), the deionized water 
was heated before being added. In some cases, 10% NaOH was added to raise the 
pH to allow gellation of polyacrylic acid polymer gels. Typically, the resultant gels 

}0 contained 80-99.9% deionized water. The following Table presents the composition 

of some of the bioadhesive gel formulations: 
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WHGHT % OF MATERIAL 



"1 





Caibopol 
974P 
Number 1 


Caibopol 
974P 
Number 2 


Nattosol 

250 

HHR 


Metfaocyl 
K4M 


Polymer 


0.5 


10.0 


2.0 


2.0 


DI watra* 


97.5 


90.0 


98.0 


98 


10% NaOH 


2.0 


0.0 


0.0 


0.0 



All of these bioadhesive gel fonnulations have a pH of about 5.0. Any of 
these bioadhesive formulations can be combined with other safe gel polymer netwoiks 
(e.g. crosslinked polymer gel netwoiks) of the present invention, for example so that 
the bioadhesive gel formulation comprises approximately 1-99% of the final gel 
composition (i.e. the gel composition comprising the bioadhesive gel formulation and 
another safe polymer gel netowik of the present invention). Other materials, such as 
compounds that assist in dispersion of crosslinked polymer gel netwoiks, can also be 
included in the final gel composition, which can then be loaded with a biologically 
active compound as described herein. 



Equivalents 

It will be understood that the preceding is merely a description of certain 
preferred embodiments of the present invention. It will be readily apparent to one of 
ordinary skill in the art that various modifications can be made without departing from 
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the spini or scope of the invmtion. Modificatioos and equivalents are therrfoie 
within the &cape of the invration. 

Claims 

What is claimed is: 
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1 . A phannaceutical composition for controUed deliveiy of a biologicaUy active 
compound to a biological environmeot, comprisiDg: 

a polymer gel netwoik having a known, acceptable toxilogical profile; and 
an effective amount of the biologically active compound loaded in the polymer 
gel netwoik. 

2. Hie phannaceutical composition of claim 1 . wherein the polymer gel netwoik 
has a composition selected so that the polymer gel netwoik undergoes a volume 
change in response to a change ui environmental oomUtion. 

3. Thephannaceuticalcompositionof claim 2, wherein the change in 
environmental condition comprises a change in an environmental panuneter selected 
from the group consisting of: temperature; pH; solvent composition; presence, 
energy, or orientation of an electric fidd; presence, energy, or orientation of a 
magnetic field; presence or magnitude of mechamcal force; presence or energy of 
incident electromagnetic radiation. 

4. The phannaceutical composition of any of claims 1-3 wherein the polymer gd 
networic has a composition selected so Uiat die phannaceutical composition is suitable 
for oral delivery. 

5. The phannaceutical composition of claim 4, wherein die polymer gel networic 
has a composition selected so tiiat tiie polymer gel networic undergoes a volume 
change in response to a change in pH, and wherein the polymer gel networic 
surrounds a tablet comprising a biologically active compound. 

6. Hie phannaceutical composition of claim 1 , wherein tiie polymer gel networic 
has a composition selected so tiiat tiie polymer gel networic is bioadhesive. 
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7. The phannaoaitical composition of any of claims 1-3, wherein the polymer gel 
network has a composition selected so that the phannacratical composition is suitable 
for ocular delivery. 

8. Ihe pharmaceutical composition of claim 7, wherein the polymer gel network 
is lightly crosslinked, and wherein the biolc^cally active compound is sdected ftom 
the group consisting of water and saline, so that the pharmaceutical composition 
functions as a lacrimator. 

9. The phannacratical composition of claim 1, wherein the biologically active 
compound is selected from the group consisting of ophthalmic diagnostic agents, 
ophthalmic surgical additives, anti-glaucomals, anti*virals, anti-microbials. 

10. The pharmaceutical composition of any of claims 1-3, wherein the polymer gel 
networic has a composition selected so that the pharmaceutical composition is suitable 
for vaginal delivery. 

1 1 . The pharmaceutical composition of claim 10, wherein the polymer gel network 
has a composition selected so that the polymer gel network undergoes a volume 
change in response to a change in pH, and wherein the biologically active compound 
comprises an antifungal. 

12. The pharmaceutical composition of claim 10, wherein the biologically active 
compound is selected from the group consisting of lubricants, spermicides, and 
virucides. 

13. The pharmaceutical composition of any of claims 1-3, wherein the polymer gel 
network has a composition selected so that the pharmaceutical composition is suitable 
for rectal delivery. 

14. The pharmaceutical composition of claim 13, having the form of a suppository. 
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15. The phannaceutical composition of any of claims 1-3, wherein the polymer gel 
network has a composition selected so that the pharmaceutical composition is suitable 
for dermal delivery. 

16. H>e phannaceutical composition of claim 15, wherein the Wologically active 
compound is present at an amount at least 20% by weight of the polymer gel network. 

17. The phannaceutical composition of claims 16, farther comprising a backing 

18. TTie phannaceutical composition of daim 15, wherdn the polymer gel network 
has a composition selected so that the polymer gel undergoes a change in volume in 
response to a change in the electric field, and the biologically active compound 
comprises a compound capable of transdennal deUvery by iontophoresis, so that 
appUcation of an electric field to the pharmaceutical composition results in 
simultaneous release of the biologically active compound from the polymer gd 
network and deUvery of the biologically active compound by iontophoresis. 

19. The pharmaceutical composition of any of claims 1-3, wherdn the polymer gel 
network has a composition selected so that the phannaceutical composition is suitable 
for internal deliv^y. 

20. Hie phannaceutical composition of claim 19, wherein the biologically active 
compound is selected from the group consisting of; insulin, hormones, and 
nitroglycerin. 

21. The phannaceutical composition of claim 1 , wherein the polymer gd network 
comprises a first polynm that is a polysaccharide. 

22. The phannaceutical composition of claim 21 , wherein tiie first polymer is a 
hydroxyalkyl-substituted polysaccharide. 
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23. The phamacaitical composition of claim 21, wherein the first polymer is a 
oeUulosic polymer. 

24. The phannaceutical composition of claim 21, wheiein the first polym^ is 
selected from the group consisting of: hydmypropylcdlulose, 
hydroxypropyhndthylceUulose, starch, and hydroxyethylcellulose. 

25. In a controlled-release pharmaceutical delivery composition, the improvement 
that comprises formulating the controlled-release composition from a polym^ gel 
network having a known, acceptable toxilogical profile. 

26. A device for controlled delivery of a biologically active compound to a 
biological environmmt, comprising: 

a housing defining an irmer space comprising a first compartment and a second 
compartment, the housing having an orifice allowing communication between the first 
compartment and an environment outside of the housing, the housing comprising a 
semi-permeable monbrane that defines at least a portion of a side of the second 
compartment; 

a moveable partiticm within the housing sq>arating the first compartment from 
the second compartmoit; and 

a polymer gel n^ork having a kaown, acceptable toxilogical profile, the 
polymer network being disposed within the second compartmmt. 

27. The device of claim 26 further comprising: 

an effective amount of a biologically active compound disposed in the first 
compartment, 

the device bring arranged and constructed such that expansion of the polymer gel 
network in the second compartment exerts a mechanical force on the moveable 
partition so that the moveable partition moves in such a way that the second 
compartment is increased in volume and the first compartmat is correspondingly 
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reduced in volume, so that die biologicaUy active compound exits die device duough 
the orifice. 

28. The device off claim 26 or daim 27 wherein dw polymer gdnetwoik has a 
composition sdected so diat die polymer gd network undergoes a vohime change in 

response to a change in environmoital condition. 

29. The device of claim 28 wherein die change in environmental condition 
oOTprises a change in an environmental parameter selected from die gr^^ 

of: temperature, pH, sohrent composition; presence, energy, or orientation of an 
electric field; presence, energy, or orientation of a magnetic field; presence or 
magnitude of mechanical force; presence or energy of incident electromagnetic 
radiation. 

30. In a device for controlled delivery of a biologically active compound to a 
biological environment, comprising: 

a housing defining an inner space comprising a first compartment and a second 
compartment, die housing having an orifice allowing communication between die first 
compartment and die biological environment, die housing comprising a semi- 
permeable membrane diat defines at least a portion of a side of die second 
compartment; 

a moveable partition widun die housing separating die first compartment from 

the second compartment; and 

an expandable member disposed widiin die second compartment, so diat 
expansion of die expandable member results in extrusion of die biologically active 
compound dnough die orifice, die improvement diat comprises utilizing a polymer gel 
networic having a known, acceptable toxilogical profde as die expandable member. 

31 . A device for controlled delivery of a biologically active compound into a 
biological environmait, comprising: 
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a bousing defiiiiiig a conqiaitmat ami having an orifice tlieiein allowing 
communication between the compaitmrat and the biological envinmment; 
a biologically active compound disposed within the compartment and 
an e^qumdable monber disposed within the compartment in such a way that 
expansion of the esqnndable monber xesults in deliveiy of the biologically active 
compound to the biological envinmment by means of the orifice, the esqiandable 
member comprising a polymer gel n^oric having a known, accqrtable toxilpgical 
profile. 

32. In a device for controlled delivery of a biologically active compound into a 
biological environment, compiising: 

a housing defining a compartment and having an orifice therein allowing 
communication b^een the compartment and the biological ravironmCTt; 
a biologically active compound disposed within the compartment and 
an expandable mmber disposed within the compartmrat in such a way that 
expansion of the expandable member results in delivery of the biologically active 
compound to the biological raviroxunent by means of the orifice, the improvement that 
comprises utilizing a polymer gel networic having a known, acceptable toxilogical 
profile as the expandable member. 

33. A medical instrument, comprising: 
a substrate mat^ial; 

a polymer gel network diqxised on at least a portion of a surface of the 
substrate material, the polymer gd network comprising a polyanion and a polycation 
interacting with one another to form a polyelectrolyte complex. 

34. The medical instrument of claim 33, further comprising a biologicaUy active 
compound loaded in the polymer gel network. 
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35. Tixeiiiedicaliiistniiiie«ofdaim33or34,whe^ 
has a a oomposilkm sdected so that the pdyn^ 

change in response to a change in environmental condition. 

36. Hie medical instnmient of daim 35, wherein the change in environmental 
condition comprises a change in an environmental parameter sdected from th^ 

consisting of: temperature; pH; solvent composition; presence, energy, or orientation 
of an electric field; presence, energy, or orientation of a magnetic field; presence or 
magnitude of mechanical force; presence or energy of incident electromagnetic 

rsidiatioii* 

37. The medical instrument of daim 33. wherein the polyanion comprises a 
polycarboxyiic acid. 

38. The medical instrument of cbim 33 or claim 35, wherein the polycation 
comprises a polymer selected from the group consisting of: primary amines, 
secondary amines, tertiary amines, polyimines, and basic polypeptides. 

39. The medical instrument of claim 38, wherein the poly cation is selected from 
the group consisting of: polyethyleneimine, polyethylenq)ipenizine, and collagen. 

40. Hie medical instrument of claim 37, wherein the polycariwxyUc add is 
selected from the group consisting of: polyacrylic acid, polymethacrylic acid, and 
chondritin-6-sul£ate. 

41. A medical instrument, comprismg: 
a substrate matnial; 

a polymer gel networic disposed on at least a portion of a surface of the 
substrate mat»ial; 

a biologicaUy active compound loaded into the polymer gel networic; and 
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an mcapsuladiig means trapping the biologically active compound within the 
polymer gel netwoik. 

42. Hie medical instrument of claim 41, wheiein the encq>sulating means 
comprises a polym^ that int^acts with the polymer gel network to trap the 
biologically active compound within the polymer gel network. 

43. The medical instrummt of claim 41, wherein the substrate material is 
e3q)andable and the encapsulating means is sensitive to mechanical stress, so that 
e3q)ansion of the substrate material results in release of the biologically active 
compound. 

44. The medical instniment of claim 43, wherein the substrate material comprises 
a polyanion and the encapsulating means comprises a proton accq>tor polymer. 

45. The medical instniment of claim 44, wherein the proton acceptor polymer 
comprises polyethyleneglycol, polyethylene oxide, polypropylene glycol, 
polypropylene oxide, or combinations thereof. 

46. The medical instrument of claim 42, wherein the substrate material comprises 
a polyamide material that has hosn fiinctionalized with caiboxylic acid groups. 

45. The medical instrument of claim 44, wherein the proton accqrtor polymer 
comprises polyethyleneglycol, polyetfiylene oxide, polypropylme glycol, 
polypropylene oxide, or combinations thereof. 

46. The medical instrument of claim 44, wherein the proton accqitor polymer 
comprises poly (N,N-dimethylacrylamide). 

47. The medical instrument of claim 44, wherein the substrate material comprises 
a polyamide material that has been functionalized with carboxylic add groups. 
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48. Tte medical instiumeiit Of daim 47, whttdn the 

functtcmalized by tteatment with a di- or multi-fiiiictioiial polyisocyanate, followed by 
treatment with a polycaiboxylic add. 

49. The medical device of claim 44, whereto the substrate material fonns an 

angioplasty balloon. 

50. A method, comprismg: 
piovi(!Bng a medical instroment; 

coating at least a portion of a suiftce of the medical instnmient with a polymer 
gd netwoik comprising a polyanion and a polyanion and a polycation mtenctmg with 
one another to form a polyelectrolyte complec. 

51. A method, comprising: 

providing a medial instrument havmg coated on at least a portion of a surfece 
thereof a polymer gel network comprising a polyanion and a polycation interacting 
with one another to fonn a polyelectrolyte complex; and 

loading a biologically active material mto the polymer gel networic. 

52. A method, comprising: 

providmg a medical instniment having coated on at least a portion of a surface 
thereof a polymer gd networic comprising a polyanion and a polycation interacting 
witii one anotiier to fonn a polyelectrolyte complex, tiie polymer gd networit having 
loaded therein a biologically active omipound; 

positioning the medical instniment in a biological environment; and 
ddivering tiie biologicaUy active compound mto the biological environment. 

53. A m^od, compristog: 

providing a medical instrument havtog a polymer gd networic coated on at 

least a portion of a surface; 

loading a biologically active material mto the polymer gd networic; and 
CTcapmhring the biologically active material wiUiin the polymer gel network. 
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54. Hie method of claim S3, wheiein the stq) of enc^sulatiiig comprises 
providing a polymer that interacts with the polymer gel netwoik and tnps the 
biologically active conqwund therein. 

55. A method, oomfnising: 

providing an e^qiandable medical instrument having a polymer gel netwoik 
coated on at least a ponion thereof, the polymer gel netwoik having a biologically 
active compound tapped by means of an encapsulator, the encapsulator being 
sensitive to mechanical force; 

positioning the esqsandable medical instiumat in a biological environment; and 
expanding the medical instrument so that mechanical force is exerted on the 
encapsulator and the biologically active compound is delivered in to the biological 
environment. 

56. A crossliriked, responsive polymer gel netwoik comprising polymer chains 
interconnected by way of a multifunctional crosslinker, wherein the polymer rhainit 
and the crosslinker have a known accqjtable toxicological profile. 

57. A ciosslinked, responsive polymer gel netwoik comprising polymer chains 
interconnected by way of crosslinkages, wherein each of the said polymer chains and 
crosslinkages has a known acceptable toxicological profile. 

58 A crosslinkedy responsive polymer gel n^ork comprising polymer chains 
interconnected by way of crosslinkages, the polymers and crosslinkages each having a 
known accq>table toxicological profile and each being obtainable from a precursor that 
is used in a process for making a material that has a known acceptable toxicological 
profile. 

59. The responsive polymer gel network of any one of claims 56-58, wherein a 
leachate from said network has an acceptable toxicological profile. 
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60. TlieiesiKinsive polymer gel Mtwoik Of any one Of Claims 5^^^^ wheiein the 
network aralains residual elements that have an acceptable toxicological profile. 

61. THe responsive polymer gel network of any one of claims 56-58, wheiein said 
polymer network fiirther comprises a solvent that has a known acceptable toxicological 
profile. 

62. A crosslinked, responsive polymer gel network comprising polymer chains 
derived from a natural product polymer, said polymw chains intercomiected by way of 
a multifunctional crosslinker, whenan the polymer chains and crosslinker have a 
known acceptable toxicological profile. 

63. A crosslinked, responsive polymer gel network comprising polymer chains 
derived from a natural product polymer, said polymer chains imercomiected by way of 
crosslinkages. wherrin said crossHnkages have a known acceptable toxicological 
profile. 

64. A crosslinked. responsive polymer gel network comprising polymer chains 
derived ftom a natural product polymer, the polymer chains imereomiected by way of 
crosslinkages, the polymers and crosslinkages each having a known acceptable 
toxicological profile and each being obtainable from a precursor that is used in a 
process for making a material that has a known acceptable toxicological profile. 

65. The responsive polymer gel network of any one of claims 62-64, wherein a 
leachate from said network has an acceptable toxicological profile. 

66. THe responsive polymer gel network of any one of claims 62-64, wherein the 
network contains residual elements that have an acceptable toxicological profile. 
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67. The responsive polymer gel netwoik of any one of claims 62-64, wheiein said 
polymer network Anther comprises a solvmt that has a known accq)table toxicological 
profile. 



5 68. A crossUnked, re^xmsive polymer gel netwoik comprising polysaccharide 

polymer chains interconnected by way of a multifunctional crosslinker, wherein the 
polysaccharide polymer chains and crosslinker have a known accqitable toxicological 
profile. 



0 69. A crosslinked, responsive polymer gd n^oik comprising polysaccharide 

polymer chains interconnected by way of crosslinkages, wherein the crosslinkages 
have a known accqitable toxicological profile. 



70. A crosslinked, responsive polymer gel netwoik comprising polysaccharide 
'^5 polymer chains interconnected by way of crosslinkages, the polysaccharide polymer 

chains and crosslinkage each having a known accq>table toxicological profile and each 
being obtainable from a precursor that is used in a process for making a material that 
has a known acceptable toxicological profile. 



71. The rsqx)nsive polymer gel network of any one of claims 68-70, wherein a 
leachate from said network has an accqitable toxicological profile. 

72. The responsive polymer gel networic of any one of claims 68-70, wherein the 
network contains residual etonents that have an accqitable toxicological profile. 

!5 

73. The responsive polym^ gel networic of any one of claims 68-70, wherein said 
polymer network further comprises a solvent that has a known accqitable toxicological 
profile. 
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74. A ciosslinked, responsive polymer gel network comprising starch polymer 
chains iniwoomiected by way of multifunctional ciosslinker. wherein the starch 
polymer chains and ciosslinker have a known acceptable toxicological profile. 

75. A aossBiikBd, responsive polymer gel netwoik comprising starch polymer 
chains inteicomiected by way of crosslinkages, wherein said crosdinkages have a 
known aocqitable toxu»logical profile. 

76. A ciosslinked, responsive polymer gel netwoik comprising starch polymer 
chains intercomiected by crosslinkages, the sttuch polymer chains ami crosdinkage 
each having a known acceptable toxicotogical profile and each being obtainable ftom a 
precursor that is used in a piocess for making a material that has a known aoc^ 

toxicological profile. 

77. A crosslinked, responsive polymer gel network comprising ceUulose ether 
polymer chains intercomiected by way of multifunctional ciosslinker. wherein the 
ceUulose ether polymer chains and ciosslinker have a known acceptable toxicologfeal 
profile. 

78. A crosslinked, responsive polymer gel netwoik comprising cellulose ether 
polymer chains intercomiected by way of a plurality of crosslinkages. wherein the 
crosslinkages have a known acceptable toxicological profile. 

79. A crosslinked. responsive polymer gel networic comprising cellulose ether 
polymer chains intercomiected by way crosslinkages, the ceUulose ether polymer 
chains ami ciossUnkages each having a known acceptable toxicological profile and 

each bemg oblaimAle from a precursor that is used in a process for making a material 
that has a known accq«able toxicological profile. 



88 



wo 96/02276 



FCT/US95A)9815 



80. The polymer gel network of any one of claims 77-79, wherein the cellulose 
ether is selected from the group consisting of hydroxyethylcdlulose, 
hydroxypropylcellulose, and hydroxypropylmethylcellulose. 

S 8L The polymer gd network of any one of claims 56, 62, 68, 74 or 77, wherein 

the polymer chains are crosslinked with a multifunctional cait)oxylic add. 

82. The polymer gel network of any one of claim 26, wherein the multifunctional 
carboxylic add is selected from the group consisting of ad^ic add, sebacic add, 

:0 succinic add, citric acid, 1,2,3,4- butanetetracartx>xylic acid, and 1,10 

decanedicarboxylic add. 

83. The responsive polymer gel netwoik of any one of claims 57, 58, 63, 64, 69, 
70, 75, 76, 78, or 79, wherein the crosslinkage is a multifunctional carboxylic add 

IS and the crosslinker is an acyl halide derivative of said acid. 

84. The responsive polymer gel network of any one of claim 83, wherein the acyl 
halide derivative of a multifunctional carboxylic acid is selected from the group 
consisting of the acyl halide derivative of adipic acid, sebacic acid, succinic acid, 

20 1>2,3,4- butanetetracarboxylic acid, and 1,10 decanedicarboxylic acid. 



85. The polymer gel n^ork of any one of claims 56, 59, 68, 70 or 74-79, 
wherein the gel is pH-responsive. 



25 . 86. The polymer gel network of claim 85, wherein said pH-response is triggered 

by a change in an environmental condition to which the gel is e3qx)sed, wherein the 
change is selected from the group consisting of a change in traiperature, a change in 
ion concentration, a change in solvent concentration, and a change in electric field. 

30 87. The polymer gel network of any one of claims 56-58, 62-64, 68-70, or 75-79, 

further comprising a ligand immobilized to die network. 
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88. Hie polymer netwoik of claim 87, wheiein the ligand has a known acceptable 
toxicological i»ofile. 

89. A method for making a crosdinkBd polymer netwoik for a paiticuto 
compiisiQg: 

selecdng a polymeric starting material capable of being crosslinked, 
wherein the polymeric starting material selected for the particular use has a kno^ 

acceptable toxicological profile for the particular use or for a related use; 

selecting a ciosslinker capable of crosslinking the polymeric starting 
material, wheiein the ciosslinker selected for the particular use has a known 
acceptable toxicological profile for the particular use or for a related use; 

contacting the crossUnker and polymeric starting material under 
conditions sufficient to fonn the threeKlimensional, crosslinked polymer networic. 

90. A method for making a crosslinked polymer gel networic for a particular use, 
comprising: 

selecting a polymeric starting material capable of being crosslinked, 
wheiein the polymeric starting material selected for the particular use has a known 
acceptable toxicological profile for the particular use or for a related use; 

selecting a crosslinker capable of crosslinking the polymeric starting 
material, wheiein the networic. after formation thereof, contains a crosslinkage that 
has a known acceptable toxicological profile; 

contacting the crosslinker and polymeric starting material under 
conditions sufficient to form the polymer gel networit containing the crosslinkage. 

91. A method of making a polymer gd network, comprising: 

contacting a crosslinker comprising an acyl haUde derivative of a 
multifunctional cart)oxylic acid with a polysaccharide under conditions sufficient for a 
three-dimensional, polymer gel networic to fonn, tfje gel networic comprising 
polysaccharide chains crosslinked with the acid. 
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92. Hie m^hod of claim 91, wheiem the contacting stq> comprises contacting with 
a polysaccharide that is staich. 

93. The method of claim 91, wfa^ein the contacting stqp comprises contacting 
5 with a polysaccharide that is a cellulose ether. 

94. The method of claim 89, wherdn the contacting stq) comprises contacting with 
a crosslinker that is an acyl chloride derivative of a multifunctional carboxylic acid 
selected from the group consisting of an acyl halide derivative of adq)ic acid, sebadc 

10 acid, succinic acid, 1,2,3,4- butanetetracarix>xylic acid, and 1,10 decanedicaiboxylic 

acid. 



95. The m^od of claim 89, wherein the contacting stq) comprises contacting with 
a crosslinker that is a multifunctional caiboxylic add. 

15 

96. The method of claim 95, wherein the multifunctional caiboxylic acid is 
selected from the gnnip consisting of adq)ic add, sebacic acid, succinic acid, citric 
add, 1,2,3,4- butanetetracaiboxylic add, and 1,10 decanedicaiboxylic acid. 

10 97. The method of claim 90, wherein the contacting stq) comprises contacting 

with a crosslinker that is an acyl halide derivative of a multifunctional caiboxylic acid. 

98. The method of claim 97, wheiein the acyl halide derivative of a 
multifunctional caiboxylic add is selected from the group consisting of an acyl halide 

25 derivative of adq)ic acid, sebacic acid, succinic add, 1,2,3,4- butanetetracaiboxylic 

acid, and 1,10 decanedicaiboxylic add. 

99. The method of claim 95, wherein the contacting stq) comprises contacting with 
a cellulose ^er selected from the gnmp consisting of hydroxyethylcellulose, 

30 hydroxypropylcellulose, and hydroi^ropylmethylcellulose. 
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100. A method of sqnoatifig a deared substance from a solution, comprising: 

introducing a polymer gd netwoik of any one of claims 56-58, 62-64, 
68-70, or 74-79, capable of incorporating said substance from a solution containing 
the substance; 

inducing a volumetric change of the gel by changing an environmental 
condition to which the gd is exposed so that the gd incorporates the substance and 
separates the substance from the sohition. 

101. A method of separating a desired substance from a sohition, comprising: 

introducing a polymer gd netwoilc of any (me of claims 56-58, 62-64, 
68-70, or 74-79, capable of exchiding said substance from a solution containing the 
substance; 

inducing a votometric change of the gd by changing an environmental 
condition to which the gel is exposed so that the gd exdudes the substance and 
sqiarates the substance from die solution. 

102. A method of deUvering a substance into an environment of use, comprising: 

incorporating the substance into a polymer gel network of any one of 
claims 56-58, 62-64, 68-70, or 74-79; 

inducing a volumetric change in the networic by changing an 
environmental condition to which the networic is exposed so that the networit 
disgorges the aibstance to the environment of use. 

103. A method for controlling a reaction in an environment containing a reactant. 
omipriang: 

introducing into the environment the polymer gel networic of claim 87 
containing a ligand reactive with the reactant when the ligand is exposed to the 
reactant; 

changing an environmental condition of the networic to cause a 
volumetric change therdn and expose die Ugand to the reactant, thereby controlling 
the reaction. 
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104. A method for removing a substance from an oiviionment containing a the 
substance, comprising; 

introducing into the environment the polymer gel network of claim 87 
containing a ligand leactive with the substance when the ligand is ^iposed to the 
S substance; 

changing an »vironm»tal condition of the n^oik to cause a volumetric 
change therein and e3qx>se the ligand to the substance, therd)y incorporating the 
substance into the gel netwoA and removing the substance from the environment. 

10 105. A cosmedc composition comprising a polymer network of claim 56. 

106. A wound dressing comprising a polymer network of claim 56. 

107. A pharmaceutical composition comprising a pharmaceutically effective amount 
15 of a biologically active compound and a polymer n^ork of claim 56. 

108. An iontophoretic device comprising the polymer network of claim 56. 

109. A monitoring electrode comprising the polymer n^ork of claim 56. 

110. An adhesive device comprising the polymer network of claim 56 



20 



111. A method of loading a solute into a crosslinked polymer gel network, 
comprising: 

25 contacting a solution of the solute with a polymer gel network of claim 56nd 

loading polymer, under conditions sufficient for the solute to selectively partition into 
the polymer gel network. 

112. The method of claim 111, wherein the step of contacting comprises contacting 
30 a polymer gel that is more hydrophobic than the loading polymer. 
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113. The method of claim 111, wherein the stq) of contacting comprises contacting 
a polymer gel that is less hydrophobic than the loading polymer. 

114. Hie method of claim 111, further comprising the step of contacting the 
5 solution with a salt. 
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